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LAKE GRACE WATER MANAGEMENT PLAN 
1. Introduction 
1.1 Background 
The Department of Agriculture (DAWA) with a number of project partners including CSIRO, CRC 
LEME, UWA Agriculture Resources Economics, UWA CWR, the WA Chemistry Centre and Wheatbelt 
Enterprise Technologies is delivering the $6 million Rural Towns - Liquid Assets (RT-LA) project.  
The project is funded by the Western Australian Government, 16 Local Government Authorities and 
the National Action Plan for Salinity and Water Quality (NAP). The other major stakeholders are the 
Avon Catchment Council, the Northern Agricultural Catchment Council, the South West Catchment 
Council and the South Coast Regional Initiative Planning Team (SCRIPT). 
The aim is to devise solutions to potential and existing townsite salinity problems as well as developing 
new locally based water resources, for rural towns.  New research and existing knowledge of 
groundwater systems will be used to identify water management options and construct townsite Water 
Management Plans (WMPs) that focus on improved and integrated water management strategies. 
Lake Grace is one of the 16 towns participating. It is approximately 275 km south-east of Perth 
(Figures 1.1 and 1.2) and has a population of 650 residents. The Lake Grace Shire has been involved 
in the Rural Towns Program since 1999.  
1.2 Water Management Objectives 
In a socio-economic survey conducted for the project (Appendix A), it was identified that issues 
surrounding water management are associated with available water resources, creating opportunities 
for new industry to attract more people to the town, and salinity.  
The objectives are to devise a water management plan:  
• To identify opportunities for ground and surface water resource development, primarily for 
irrigation; 
• For salinity and waterlogging management; and  
• To identify socio-economic opportunities associated with water resources. 
A workshop was held with the Shire and Project Planning Team in June 2005 to identify specific water 
management priorities which was used to guide the direction and focus of this Water Management 
Plan. A summary of workshop outcomes is in Appendix C. The priorities and issues identified at the 
workshop were achieving a self-sufficient supply system for parks, gardens and recreational areas by 
addressing: 
• Reliability of run-off from the existing dam catchment; 
• Harvesting stormwater run-off; 
• Construction of a large new community dam; 
• Townsite flooding/waterlogging management possibly through integration with the local 
wastewater treatment scheme; and 
• Quantifying the cost-benefit of feasible stormwater management options. 
1.3 Purpose of the Water Management Plan 
This water management plan for Lake Grace outlines: 
• a summary of outcomes from all scientific investigations undertaken, which synthesises: 
? Lake Grace Geophysics Summary; 
? Water balance study of Lake Grace; 
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? Evaluation of cost associated with the townsite infrastructure damage caused by 
salinity; 
? Methodology for assessment of options; 
? Lake Grace water quality report; 
? Groundwater levels and associated impacts on salinity and infrastructure, Lake Grace 
Township, WA; 
? Lake Grace surface water management plan; 
? A brief socioeconomic report for the town of Lake Grace; 
• recommended water management options; 
• preliminary engineering analysis of water management options; 
• cost-benefit analysis for the recommended water management options; and  
• specific recommended priority water management options.  
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Figure 1.1. Lake Grace locality map 
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Figure 1.2. Lake Grace townsite and key water management features 
 
 1-4
LAKE GRACE WATER MANAGEMENT PLAN 
2. Current Town Status 
2.1 Scientific Studies and Investigations 
A number of scientific studies and investigations were carried out to identify the current water 
management status at Lake Grace and hence make appropriate recommendations for water 
management options that will reflect the town’s objectives. The investigations which were undertaken 
include: 
• Surface water investigation to assess risks of salinity an waterlogging in Lake Grace due to surface 
run-off process, and to identify existing water resources and potential sources of water for Lake 
Grace (Appendix C); 
• Geophysics investigation to understand the underlying geology of Lake Grace, particularly the 
underlying basement rocks and the regolith material that lies between the bedrock and ground 
surface, which is important in understanding the hydrogeology, salinity risks and its management 
(Appendix D); 
• Groundwater investigation for aquifer characteristics such as recharge and yield to assess salinity 
risk from rising watertable, and to determine the feasibility of dewatering to lower the watertable for 
salinity management (Appendix E); 
• Infrastructure damage cost associated with salinity and waterlogging (Appendix F); 
• Investigate the viability or commercial utilisation of additional water resources or cultural 
improvements derived from water use or reuse options; 
• Groundwater quality investigations to determine feasibility of using dewatering as either potable 
water supply or as potable substitute water following treatment. If dewatering is feasible, determine 
the appropriate level of treatment (e.g. reverse osmosis, desalination, nanofiltration or evaporative 
desalination), assess the potential for bulk mineral harvesting from saline water and disposal 
options (Appendix G); 
• Assess groundwater quality and its spatial and temporal distribution and variation which could 
provide key information on groundwater and surface water interactions, and interconnection within 
groundwater systems when integrated with hydrogeology, groundwater modelling, geophysics and 
surface hydrology (Appendix G); and 
• Urban water balance to identify existing water usage and volumes of other sources which can be 
developed (Appendix H).  
The outcomes of these investigations are summarised below. For more information on each technical 
investigation refer to the relevant appendices.  
2.2 Salinity Risk Assessment 
It was identified in a telephone survey undertaken by RT-LA (Appendix A) that residents at Lake Grace 
acknowledge that there is a salinity problem in the town particularly in the eastern and southern ends 
of town. There is anecdotal evidence of salinity damage to brickwork in the lower walls of the older 
buildings such as the post office and shire hall.  
Groundwater investigations reveal that the eastern part and western part of town is on lower to mid-
slopes of the valley, where depth of the shallow groundwater is greater than 2m (Figure 2.1). The 2m 
depth is the approximate maximum depth to which groundwater can be expected to passively 
discharge to the land surface as a result of evaporation during summer. Therefore, the eastern and 
western part of town has low risk of salinity development. The central part of town is situated just 
above the valley floor, and the depth to the shallow groundwater level is less than 2m. Therefore, there 
is high risk of developing secondary salinity in the central part of town. The salinity risk mapping for 
Lake Grace is shown in Figure 2.2.  
Salinity is often exacerbated where ponding of surface water occurs, leading to high rates of infiltration 
where there is a prolonged connection between the watertable and the land surface. 
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Waterlogging/inundation is a hydrological process often associated with the break of slope or soil 
profile changes from permeable to less permeable thus discharging at the soil interface, and where 
rainfall recharge occurs. Assessment of land Monitor data and soil landscape units showed that a 
break of slope is present at the centre of town, corresponding to the valley floor (Figure 2.3). This low-
lying area of the landscape is already saline due to the soils being prone to salinity.  
Geophysical, drilling and aquifer test data indicate that it is feasible to alleviate salinity risk in the 
central part of town through lowering the shallow groundwater level by pumping. The most favourable 
location for the pumping bore is within a semi-circular area bounded by the Stubbs Street to the north, 
post office to the west and Vernon Street to the east (Figure 2.4). The radius of influence of any 
production bore in the area is likely to be within 100 m. This dewatering zone would protect structures 
in town with high historical value of the Post Office and Shire Hall.  
Groundwater quality investigation showed that the shallow groundwater at Lake Grace has salinity 
level between 13,600 and 61,200 mg/L (2000-9000 mS/m). Salinity in the deep bores exceeds 
110,000 mg/L (15,000 mS/m). There are also trends of spatial variability in shallow groundwater. 
Where there is recharge-infiltration, the observed salinity is lower. This indicates that surface water 
management should be a key focus in managing groundwater levels and infiltration. 
2.2.1 Infrastructure Damage Through Salinity 
The extent of damage to townsite infrastructure from shallow water levels and attendant increases in 
soil moisture and salt contents is poorly known. However, evaluation of the cost associated with the 
townsite infrastructure damage caused by salinity and shallow watertables was undertaken. The 
assessment was done based on groundwater level in the shallow observation bores, and confined to 
the part of town where these bores exist. The level of risk was estimated in accordance with soil 
saturation level at the 1m depth below the ground level. Furthermore, this information was used in 
conjunction with the land tenure data to arrive at an infrastructure damage cost caused by salinity.  
Salinity risk is confined to the south-east of town. The estimated damage cost for the different land use 
zones as described in the town planning scheme is $22,000/year and the project NPV (net present 
value) cost over the next 20 years is $233,000 if the do-nothing option is adopted (see Table 2.1).  
Table 2.1 - Estimated infrastructure damage due to shallow watertable and salinity 
Land Use Type Damage Cost in 
Year 1 
($) 
Projected NPV over 20 
years 
(@ 7%) ($) 
Industrial 2,584 27,375 
Parkland and Recreation 552 5,848 
Public purposes 414 4,386 
Railway 43 456 
Residential 14,889 157,734 
Rural 0 0 
Special Use 193 2,045 
Town Centre 2,478 26,252 
Roads 907 9,609 
Total 22,060 233,704 
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2.3 Urban Water 
2.3.1 Urban Water Balance 
The urban water balance was determined by analysis of: 
• existing scheme water consumption provided by the Water Corporation and billing records; 
• wastewater outflow from the existing wastewater ponds; and  
• modelled stormwater run-off from a series of assumptions about the surface run-off characteristics 
using AQUACYCLE. 
The urban water balance based upon the last 50 years of historical meteorological data and recent 
scheme water consumption records from the Water Corporation is summarised in Table 2.2. Further 
explanations for the derivation these figures are provided in Appendix H.   
Table 2.2. Urban water balance for Lake Grace 
Items Indoor use 
(ML/year) 
Outdoor use 
(ML/year) 
Total 
(ML/year) 
Total scheme water use 69.4 67.9 137.3 
Scheme water - residential 44.3 41.3 85.6 
Scheme water use - 
commercial 
12.8 12.1 24.9 
Scheme water use - industry 12.0 11.9 23.9 
Scheme water use - other 0.3 2.58 2.9 
Wastewater   161.3 
Modelled stormwater run-off   70.1 
The current demand for scheme water is 137.3 ML/year, supplied by the Water Corporation. As shown 
in Table 2.2 about half of the total scheme water usage is for outdoor use on lawns and gardens. 
The urban water balance study further identified that a large potential water resource for the town is 
collection of stormwater run-off (approximately 70 ML/year could be collected based on modelling 
results). The other potential resource is reusing treated wastewater from the treatment ponds, which 
has been estimated at 161 ML/year.  
2.3.2 Water Demand for Irrigation on Community Open Spaces 
The Shire of Lake Grace also uses water for irrigation of parks and oval, totalling 50.4 ML/year, as 
shown in Table 2.3.  It is reported that water for irrigation is supplied by the local dam catchments. 
Demand is augmented by scheme water when the dam is dry. Reportedly the Shire spends up to 
$40,000/year, which is equivalent to about 30 ML/year. The Shire has also indicated that if more water 
was available it could be used for beautification of the townsite. 
Some scheme water for irrigating parks and ovals is accounted for in the urban water balance in Table 
2.2 as outdoor use of ‘Scheme water use - other’, which is 2.58 ML/year. 
Table 2.3. Water demand for irrigation on parks and gardens (Source: DAWA) 
Location of 
demand 
Area 
(hectares) 
Watering 
rate/day 
(kL/day) 
Watering 
depth 
(mm/week) 
Frequency 
per week 
Watering 
months per 
year 
Annual 
volume 
(ML/year) 
Oval 4.0 200 35 7 9 (Sept-May) 50.4 
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2.3.3 Rainwater Tanks 
Some rainwater tanks are currently being used by residents to reduce scheme water usage. 
Installation of rainwater tanks at every residential house for residential outdoor use and for toilet 
flushing was also modelled as part of the urban water balance study to investigate the effectiveness of 
rainwater tanks at substituting scheme water usage. It was found that their adoption would reduce 
scheme water consumption by 8.7% or approximately 11.9 ML/year.  
Rainwater tanks would reduce stormwater run-off within the townsite by 16.5% or 11.6 ML/year. This 
may also alleviate potential waterlogging and salinity as recharge-infiltration to shallow groundwater is 
reduced. 
Detailed description of the derivation of the modelling results is in Appendix A. 
2.4 Town Water Resources 
The existing water storages of natural run-off in Lake Grace include the sports dam south east of town. 
The town dam has a capacity of 65 ML and collects run-off from a roaded catchment of 27.8 hectares. 
Currently, water is pumped out of the sports dam to the oval tanks (202 kL capacity) and used for 
irrigation. The dam yield is reported to be unreliable and scheme water augmentation for irrigation of 
parks and ovals is required. 
2.5 Socio-Economic Factors 
The Shire has reported that if additional water supplies were developed, they would like to beautify the 
township in order to attract more people to the town, to aid in drought proofing farms, or to fill salt 
lakes for recreation and water sports. 
If there was excess water, the Shire would like to develop water-related industries such as 
aquaculture, nurseries, viticulture/olives, salt-tolerant plant industries, solar technology and reusable 
energy and hydroponics. 
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Figure 2.1. Contour map of shallow groundwater depth at Lake Grace  
 
 
Figure 2.2. Salinity risk mapping at Lake Grace 
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Figure 2.3. Salinity risk mapping from break of slope surface water process 
 
Figure 2.4. Feasible area in Lake Grace for pumping via a production bore to lower watertables  
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3. Water Management Options 
Water management options were formulated following investigation of existing management practices, 
governing scientific processes and the Shire’s planning priorities and objectives. Water management 
options for Lake Grace are outlined below. These address water resources development, salinity 
management and socio-economic development objectives. Refer to Figure 1.2 for location of key 
water management features. 
3.1 Options Identified 
3.1.1 Option 1: Sports Dam 
Upgrade the sports dam and roaded catchment to increase run-off reliability and performance of the 
existing town dam.  
This would satisfy the objective of water resource development for socio-economic improvement 
purposes. 
3.1.2 Option 2: Capturing Surface Run-off to Dam 
Capturing surface water run-off from the catchment east of town via the existing sump and pump it to 
the existing sports dam or a new dam for storage. This will supply irrigation demand on parks and 
ovals.  
This satisfies water resource development and alleviation of townsite salinity and waterlogging 
objectives. 
3.1.3 Option 3: Capturing Surface Run-off for Waterlogging Management 
Capturing surface run-off from the catchments north and east of town and redirect stormwater run-off 
around the town into the natural drainage system that eventually discharges at the salt lakes.  
This satisfies water resource development and alleviation of townsite salinity and waterlogging 
objectives. 
3.1.4 Option 4: Roof Run-offs 
It is proposed that run-off from roofs is directed to road drainage. It would satisfy the objective of 
waterlogging and salinity management by reducing recharge and infiltration to the shallow 
groundwater. 
3.1.5 Option 5: Wastewater Blended with Catchment Water 
It is proposed that wastewater from the treatment plant could be blended with catchment water and 
used for irrigation of parks and ovals. This option would satisfy the objective of water resources 
development. 
3.2 Options for Further Investigation 
Only Options 1, 2 and 3 have been designed as part of the project as they have been identified as 
major priorities, and have the highest potential to meet water management objectives. The process of 
option selection involved discussions with the Shire and all stakeholders. The method for assessment 
of options, and selection of recommended option informally adopted the method in Appendix I.  
Options 4 and 5 were considered second order priorities.  While recognised, they require further 
investigation before they can be implemented. The issues which still need to be resolved include the 
blending of waste water and catchment water, consultation with the Water Corporation for reuse of 
treated wastewater, and assessing the wastewater quality and treatment required by the guidelines for 
reuse on parks and ovals by the Department of Health. 
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4. Engineering Analysis of Water Management Options 
Kellogg Brown and Root Pty Ltd (KBR) was commissioned to undertake preliminary engineering 
analysis of the options identified as priority for water management at Lake Grace. The options and 
their sub-options (based on engineering alternatives) are: 
• Option 1: Utilise the existing sports dam and sports dam catchment for irrigation within 
Lake Grace town.  
• Option 2a: Capture stormwater run-off from the town and farmland east of Kulin-Lake 
Grace Rd (east of townsite) via a sump then pump it to the existing dam for storage.  
• Option 2b: Capture stormwater run-off from the town and farm farmland east of Kulin-
Lake Grace Rd (east of townsite) via a sump then pump it to a new dam for storage.  
• Option 3: Capture stormwater run-off from two catchments, east of Kulin-Lake Grace 
Rd (east of townsite) and north of Stubbs Rd (north of townsite) into drainage channels 
by-passing the townsite to alleviate waterlogging/inundation problem in town. 
The engineering analysis included identification of potential water yield from each option, capital 
requirements, and associated capital and operation and maintenance cost. This section summarises 
the engineering details as outlined for each option. More information on methodology of the 
engineering analysis and assumptions is in Appendix I. 
The engineering analysis is preliminary, based upon limited, site specific data supplied by RT-LA. 
Accordingly, further engineering design would have to be undertaken at a later stage prior to 
implementation of any of the options. 
The cost estimates on capital requirements are based on the following: 
• Work contractors are fully insured and have total liability for construction and accept risks for 
completion eg material and labour conditions; 
• Work contractors will conduct testing and commissioning of installed equipment (eg pressure 
testing of pipes); 
• All works are quality controlled and adhere to construction and engineering standards for quality 
assurance of the product; 
• Works will be fully supervised and comply with Work Safe regulations; 
• All estimates are based on the current commercial construction rates in Western Australia and 
assume a competitive tender process. 
Costs may be further refined when options are further optimised at the detailed engineering design 
stage. 
There may be opportunity for the Shire of Lake Grace or other local contractors to price and undertake 
the works which may lead to reduced costs against the cost estimates. However, comparison of the 
cost estimate given here and any cost estimate obtained from the Shire, or others must give attention 
and comparison to the respective quality, delivery, construction and liability risks.    
4.1 Option 1 – Existing Town Dam 
4.1.1 Description of Option 
In this option water demand for irrigation at the oval is supplied by the existing sports dam, which has 
a capacity 65 ML. The dam is fed by a roaded catchment with an area of 27.8 hectares. There is an 
existing pipe (90 mm) and pump that supply water to the demand points. Site inspection by RT-LA and 
discussions with the Shire identified that the inlet, outlet and overflow structures at the dam require an 
upgrade to ensure structural integrity and performance. A schematic is shown in Figure 5.1.  
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The objectives for this option are to: 
• Undertake yield analysis at the existing dam 
• Improve run-off reliability from the catchment size and surface type; and 
• Undertake a preliminary engineering design to allow for costing of inlet, outlet and overflow 
structures. 
4.1.2 Water Yield 
Results from the water balance analysis reveal that dam has an average annual yield of 19 ML based 
on the last 10 years of rainfall record. This yield represents 38% of the current water demand, which is 
50 ML/year. This yield is consistent with the reported augmentation of scheme water of 30 ML/year to 
satisfy complete demand. The annual yield from the dam is less than the 65 ML capacity of the 
existing sports dam. 
Another analysis was performed on the size of catchment to achieve a dam yield that would satisfy 
demand. At a catchment threshold of 8mm, it was found that at a catchment size of 50 hectares (that 
is an additional 22.2 hectares), there was an average yield of 35 ML/year. Beyond 50 hectares, the 
size of the dam becomes deficient. Therefore, it would not be cost effective to increase the size of the 
catchment larger than 50 hectares as the dam will overflow and yield is not maximised beyond 
35 ML/year.  
4.1.3 Capital Requirements and Costs 
Existing Pipe and Pump 
It is reported that the existing pipeline is 90 mm in size. At this size, it was found that it is only feasible 
to produce 3 L/s at 84m head. At peak demand the flow rate required is 13 L/s and would require a 
150 mm pipe. However, there are storage tanks available at the ovals with a total capacity of 202 kL. 
Thus it is possible to feed the tank at the existing maximum pumping rate of 3 L/s. This would require 
18 hours of pumping per day to fill the tank to later supply the 13 L/s demand. 
Existing Town Dam Structure 
It has been reported that the inlet, outlet and overflow structures at the sports dam require upgrades. 
Allowance will be made in the cost estimate for upgrades of the dam to restore it to reasonable 
integrity.  
The capital requirements and costs for this option are shown in Table 4.1. The basis for the cost 
estimate has been outlined earlier and the assumptions and exclusions associated with this option 
have also been included with the table. 
Capital Requirements and Costs 
The capital requirements and costs for this option are shown in Table 4.1. The cost estimates on 
capital requirements are provided for KBR commercial rates and DAWA/Shire rates.  The assumptions 
and cost details for these rates is supplied in Appendix J. 
Costs may be further refined when options are further optimised at the detailed engineering design 
stage 
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Table 4.1. Capital requirements and costs, and operation and maintenance costs for Option 1 
Capital items Details 
KBR 
Commercial 
Rates 
($) 
20%+30% 
DAWA/Shire
Rates 
($) 
Increase size of town dam 
roaded catchment 
Additional 18.3 hectares 
109,800 91,500 
Upgrade inlet structure for 
existing town dam 
 
2,800 500 
Upgrade outlet structure for 
existing town dam 
 
4,283 500 
Upgrade overflow structure for 
existing town dam 
 
14,310 2,960 
Location allowance (30%) Adjustment for regional location 
factor eg transportation etc as 
costs are based on metro rates 
39,358 - 
Sub-total capital costs 170,551 95,640 
Additional project costs    
General contractors prelims 
(20%) 
For mobilisation/demobilisation, 
site set-up, site clean-up etc 34,110 - 
EPCM fees (@10% of cost) Engineering, Procurement, 
Construction and Management 
fees 
20,466 - 
Contingency (@10% of cost)  
20,466 - 
Sub-total for additional project costs 75,042 - 
   
Total for capital investment 245,594 65,460 
Operation and Maintenance 
items 
Details Cost ($/year)  
Pump operation (3L/s @ 85m 
head) 
18hrs/day, 7days/week, 
9months/year of 7.5kW pump 
and $0.17/kWh 
5,783 
 
Maintenance personnel & repairs $80/hr 2hrs/week 7months/year 
4,480 
 
Total for operation and maintenance 10,263  
4.2 Option 2a – Town Run-off to Existing Dam 
4.2.1 Description of Option 
Town surface run-off is to be collected at a new sump and pumping it in the existing residential and 
farmland surface run-off to the east of Kulin-Lake Grace Rd (east of townsite) is to be collected at the 
location of an existing sump and pumped into the existing sports dam for storage for irrigation of the 
town ovals. The existing sump would need to be resized.  
It is also reported that some flooding occurs in the townsite due to run-off from this catchment. RT-LA 
believed that flooding is mainly due to a culvert at the intersection of Stubbs St and Kulin-Lake Grace 
Rd being undersized. The size was reported to be 900x450mm. The size of the piped-open drain from 
the culvert to the sump is not known. As such, investigation into the drainage arrangement for this 
section is also required.    
• Determine volume of surface run-off which can be captured;  
• Upgrade the existing sump; 
• Assess the drainage arrangement at the culvert and piped-open drain; and 
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• Yield analysis for the existing sports dam with the augmentation of town and farm surface run-off. 
All features discussed in each sub-option are shown in Figure 5.2. 
4.2.2 Water Yield 
Based on the last 10 years of rainfall record the average annual surface run-off which could be 
collected from the residential and farmland catchment is 59 ML/year. 
The residential and farmland surface run-off, and yield from the existing sports dam produce a 
combined average annual yield of 50 ML/year, and would supply 100% of the current water demand, 
which is 50 ML/year. 
Results from the dam water balance also suggest that there is water in excess of demand in the dam. 
As such, a separate analysis was undertaken to determine the maximum yield from the dam. It was 
found that the dam can produce annual average of 69 ML/year provided that all available water is 
withdrawn, and the dam is kept at its minimum depth. Thus after satisfying the existing demand of 
50 ML/year, there is an excess of 19 ML/year available for future use. 
4.1.4 Capital Requirements and Costs 
The capital requirements and costs for this option are shown in Table 4.2. The estimates on capital 
requirements are provided for KBR commercial rates and DAWA/Shire rates.  The assumptions and 
cost details for these rates are supplied in Appendix J. Costs may be further refined when options are 
further optimised at the detailed engineering design stage. 
As per Option 1, allowance for upgrades of inlet, outlet and overflow structures at the existing town 
dam has been made, as the town dam is currently not in good structural condition, and to ensure that 
more water can be added to the dam without worsening its structural integrity. 
A check was performed on the capacity of the existing culverts at the railway at CBH and DAWA office 
at the intersection of Kulin-Lake Grace Road and Stubbs Road. With limited knowledge of the invert 
levels of the culvert a slope of 1% was assumed. It was found that the two 440 mm pipe culverts and 
the 900x450mm box culvert are under capacity to cater for the 1 in 5 year rainfall event (1357 L/s peak 
flow). It was assumed that these culverts would need to be upgraded. 
 4-4
LAKE GRACE WATER MANAGEMENT PLAN 
Table 4.2. Capital requirements and costs, and operation and maintenance costs for Option 2a 
Capital items Details 
KBR 
Commercial 
Rates 
($) 
20%+30% 
DAWA/Shir
e 
Rates 
($) 
Upgrade inlet structure for 
existing sports dam 
 
3,200 500 
Upgrade outlet structure for 
existing sports dam 
 
4,283 500 
Upgrade overflow structure for 
existing sports 
 
14,310 2,960 
Upgrade drainage channel along 
Kulin-Lake Grace Road for 
1:10year peak flow 
400m long, 2m bottom width, 1:4 side 
slope, 1m deep 48,500 1,000 
New culverts at CBH 2x750mm 10m long 
New culverts outside DAWA 
office 
1x900mmx450mm 10m long 57,906 57,906 
New sump 71×71×2.5m fully lined 
220,980 28,727 
Pump from new sump to existing 
sports dam 
1×3 L/s @ 95m head 
30,770 26,980 
Pipe to connect from new sump 
to existing pipe route to sports 
dam 
Extra 260m of 90mm main with class 
9 pressure rating  22,110 12,874 
Location allowance (30%) Adjustment for regional location 
factor eg transportation etc as costs 
are based on metro rates 
122,718 - 
Sub-total capital costs 531,777 131,447 
Additional project costs    
General contractors prelims 
(20%) 
For mobilisation/demobilisation, site 
set-up, site clean-up etc 106,355 - 
EPCM fees (@10% of cost) Engineering, Procurement, 
Construction and Management fees 63,813 - 
Contingency (@10% of cost)  
63,813 - 
Sub-total for additional project costs 223,981 - 
Total for capital investment 765,759 131,447 
Operation and Maintenance 
items 
Details Cost ($/year)  
Operation of pump from existing 
sports dam to oval  (3L/s @ 85m 
head) 
18hrs/day, 7days/week, 
9months/year of 7.5kW pump and 
$0.17/kWh 
5,783 
 
Operation of pump from sump to 
sports dam (3L/s @ 95m head) 
Nominal operation: 12hrs/day, 
3days/week, 6months/year of 7.5kW 
pump and $0.17/kWh 
1,102 
 
Maintenance personnel & repairs $80/hr 2hrs/week 7months/year 
4,480 
 
Total for operation and maintenance 11,526  
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4.3 Option 2b – Town Run-off to New Dam  
4.3.1 Description of Option 
This is similar to Option 2a except the surface run-off from the eastern catchment would be collected 
and stored at a new dam instead of the existing sports dam.  
The location of the new dam is in a farmer’s paddock and the land is assumed to be obtainable (see 
Figure 5.3). 
4.3.2 Water Yield 
As with Option 2a, the average annual town and farm surface run-off was estimated to be 
59.4 ML/year. 
The size of the required new dam is 77 ML assuming dimensions of 126x126x6 m at a 1:3 side slope. 
Its yield would be 36 ML/year representing approximately 72% of the existing water demand of 
50 ML/year. 
The yield from Option 2b is less than 2a, as augmentation from the sports dam is not included.  
As per Option 2a, it was found that two 440 mm pipe culverts and the 900x450mm box culvert at CBH 
and outside DAWA office are under capacity to cater for the 1 in 5 year rainfall event (1357 L/s peak 
flow). It is assumed that these culverts would need to be upgraded. 
4.3.3 Capital Requirements and Costs 
The capital requirements and costs for this option are shown in Table 4.3. The cost estimates on 
capital requirements are provided for KBR commercial and DAWA/Shire rates.  The assumptions and 
cost details for these rates are supplied in Appendix J.  Costs may be further refined when options are 
optimised at the detailed engineering design stage.  
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Table 4.3 - Capital requirements and costs, and operation and maintenance costs for Option 2b 
Capital items Details 
KBR 
Commercial 
Rates 
($) 
20%+30% 
DAWA/Shire 
Rates 
($) 
Upgrade drainage channel along 
Pingrup-Lake Grace Road for 
1:10year peak flow 
400m long, 2m bottom width, 1:4 
side slope, 1m deep 48,500 1,000 
New culverts at CBH 2x750mm 10m long 
New culverts outside DAWA office 1x900mmx450mm 10m long 57,906 57,906 
269,458 (with 
liner) 
New dam 77ML capacity 126m×126m×6m with 
1:3 side slope 303,550 (fully 
lined) 
169,758 (without 
liner) 
Reticulation line from new dam to 
oval  
Extra 100m of 90mm main with class 
9 pressure rating 11,550 7,690 
Pump from new dam to oval  6L/s @ 22m head 
30,770 27,230 
New sump 71×71×2.5m fully lined 
227,980 28,727 
Pump from new sump to new dam 1×6 L/s @ 31m head 
30,770 27,230 
Pipe to connect from new sump to 
new dam  
700m of DN90mm PVC with class 9 
pressure rating 30,700 27,130 
Location allowance (20%) Adjustment for regional location 
factor eg transportation etc as costs 
are based on metro rates 
228,653 - 
446,370  
(with liner) 
Sub-total capital costs 1,188,995 
346,670  
(without liner) 
Additional project costs    
General contractors prelims 
(20%) 
For mobilisation/demobilisation, site 
set-up, site clean-up etc 198,166 - 
EPCM fees (@10% of cost) Engineering, Procurement, 
Construction and Management fees 118,899 - 
Contingency (@10% of cost)  
118,899 - 
Sub-total for additional project costs 435,964 - 
446,370  
(with liner) 
Total for capital investment 1,426,793 
346,670  
(without liner) 
Operation and Maintenance 
items 
Details Cost ($/year)  
Operation of pump from existing 
sports dam to oval  (6L/s @ 22m 
head) 
9hrs/day, 7days/week, 9months/year 
of 7.5kW pump and $0.17/kWh 
2,892  
Operation of pump from sump to 
sports dam (6L/s @ 31m head) 
Nominal operation: 6hrs/day, 
3days/week, 6months/year of 7.5kW 
pump and $0.17/kWh 
551  
Maintenance personnel & repairs $80/hr 2hrs/week 7months/year 4,480  
Total for operation and maintenance 7,923  
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4.4 Option 3 - Management of Surface Run-off 
4.4.1 Description of Option 
It has been that reported that the inundation/waterlogging at the Lake Grace townsite is due to run-off 
from the farmland catchments to the north and east of the townsite. Thus, to alleviate waterlogging, 
and hence reduce salinity risks, surface run-off from the two catchments is to be collected via drainage 
channels and discharged into natural drainage pathways which will eventually drain into the salt lake 
system west of the town. Some upgrades of the existing drainage systems along Kulin-Lake Grace 
Road, particularly a series of culverts at CBH and outside DAWA office, are proposed to cope with the 
1 in 5 year storm event. A new cut-off drain is proposed along Boulton Street and Dewar Street to 
collect surface run-off from the northern catchment.  
The requirements for this option are to: 
• Determine volume of surface run-off which can be captured from the eastern and northern 
catchments;  
• Upgrade the existing sump and drainage along Kulin-Lake Grace Road; 
• Install a new cut-off drain; and  
• Size all drainage features. 
This option would only satisfy the objective of waterlogging and salinity management. A schematic for 
the option is shown in Figure 5.4. 
4.4.2 Volume of Surface Run-off Diverted 
Based on the last 10 years of rainfall record the average annual surface run-off which can be collected 
is 60 ML/year and 16 ML/year from the catchments east and north of town, respectively. Detailed 
outputs of town surface run-off analysis are shown in Appendix B. 
This suggests that 76 ML/year of surface run-off could be diverted away from the townsite, and reduce 
the shallow groundwater recharge via the surface water process accordingly. 
4.4.3 Existing Drainage 
As for Options 2a and 2b, at the eastern catchment it was found that the two 440 mm pipe culverts 
and the 900x450mm box culvert at CBH and outside DAWA office are under capacity to cater for the 1 
in 5 year rainfall event (1357 L/s peak flow).  
These culverts would need to be upgraded to alleviate flooding at the townsite caused by choking at 
these culverts, and to prevent this overflow from reaching the townsite as it is currently the case. 
4.4.4 Capital Requirements 
The capital requirements and costs for this option are shown in Table 4.4. The cost estimates on 
capital requirements are provided for KBR commercial and DAWA/Shire rates.  The assumptions and 
cost details for these rates are supplied in Appendix J. Costs may be refined when options are further 
optimised at the detailed engineering design stage. 
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Table 4.4. Capital requirements and costs, and operation and maintenance costs for Option 3 
Capital items Details 
KBR 
Commercial 
Rates 
($) 
20%+30% 
DAWA/Shire
Rates 
($) 
Upgrade drainage channel along Kulin-
Lake Grace Road for 1:10year peak flow 
400m long, 2m bottom width, 1:4 
side slope, 1m deep 48,500 1,000 
New culverts at CBH 2x750mm 10m long 
New culverts outside DAWA office 1x900mmx450mm 10m long 57,906 57,406 
Install drainage channel along Boulton 
Street and Dewar Street for 1:10year peak 
flow 
1600m long, 2m bottom width, 1:4 
side slope, 1m deep 176,500 4,000 
Location allowance (30%) Adjustment for regional location 
factor eg transportation etc as 
costs are based on metro rates 
84,872 - 
Sub-total capital costs 367,778 62,406 
Additional project costs Details Cost ($) 
(-20%+30%) 
 
General contractors prelims (20%) For mobilisation/demobilisation, 
site set-up, site clean-up etc 73,556 - 
EPCM fees (@10% of cost) Engineering, Procurement, 
Construction and Management 
fees 
44,133 - 
Contingency (@10% of cost)  
44,133 - 
Sub-total for additional project costs 161,822 - 
Total for capital investment 
529,600 
62,406 
Operation and Maintenance items Details Cost ($/year)  
Maintenance personnel & repairs $80/hr 2hrs/week 7months/year 
4,480 
 
Total for operation and maintenance 4,480  
4.5 Summary of All Options 
The yield for all options is summarised in Table 4.5 and the capital, operation and maintenance costs 
in Table 4.6. 
Table 4.5. Summary of yield, capital, operation and maintenance costs for all options  
Option Average annual 
water yield 
(ML/year) 
% of demand  Excess water 
(ML/year) 
1 35 70 - 
2a 501 100 19 
2b 362 72 - 
3 - - - 
1. Yield combines run-off of 59.4 ML/year town surface and 19 ML/year from existing sports dam 
2. Yield combines run-off of 59.4 ML/year town surface.  
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Table 4.6. Capital, operation and maintenance costs for all options 
Option KBR 
Commercial 
Rates 
($) 
(Including 
location 
allowance)  
(-20%+30%) 
Additional 
Cost ($) 
(-20%+30%) 
TOTAL 
KBR 
Commercial 
Rates1 
Capital 
Investment 
Costs  
($) 
(-20%+30%) 
TOTAL 
DAWA/Shire Rates1
Capital Investment 
Costs  
($) 
O & M Cost 
($) 
1 170,551 75,042 245,594 65,460 10,263 
2a 531,777 223,981 765,759 131,447 11,526 
446,370 (with liner) 2b 1,188,995 435,964 1,426,793 
346,670 (without liner 
7,923 
3 367,778 161,822 529,600 62,406 4,480 
1. See Capital Investment and Costs for calculation methodology and assumptions. 
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5. Cost-Benefit Analysis 
Costs and benefits associated with the proposed water management options, as identified in previous 
sections of this report, and the current use of the existing sports dam form the basis of the Cost 
Benefit Analysis developed for this study. However, because there isn’t a market price for locally 
produced water, instead of documenting net benefits, the results are expressed in terms of the break-
even water price that would need to be achieved so that for a project, total costs are equivalent to total 
benefits (Appendix K). 
5.1 Application 
General base case assumes that surface water harvested in Lake Grace, and in its current state, 
would be fit for irrigation purposes only.  It is also assumed that if necessary, scheme water will 
supplement that available from the sports dam (dependent on the selected water management option 
outlined below) and all 50.4 ML required annually will be used (despite the rainfall in any particular 
year).  Based on Water Corporation (2005) data, the cost of scheme water provided by the Integrated 
Water Supply System to vacant non-residential land is assumed to be $1.20/kL. This cost-benefit 
analysis has been done over a 20 year time period with a 7% discount rate. The discount rate is 
slightly higher than current bank interest rate so that long term risk of an interest rate increase can be 
factored into the analysis. However, the rate is dropped to 4% in a sensitivity analysis to determine if 
the discount rate has a bearing on the overall outcome. In other sensitivity analyses the costs are 
varied up by 30% and down by 20% and the quantity of water produced by any of the options is 
increased and decreased by 10%. If the overall results do not change when these analyses are 
imposed then they can be considered robust.  
For water produced by the sports dam in its current state, it is assumed that operating and 
maintenance costs are the same as for Option 1 (based on DAWA/Shire rates) and that there is a 
capital contingency of $5,000 in year 1.  In addition, for each option all pumps are replaced in year 11. 
For the current option, Option 1 and Option 2a the cost of the pump is equivalent to the price of the 
pump for the new dam in Option 2b (based on DAWA/Shire rates or where applicable, KBR rates). 
Details of the complete schedule of costs are presented in Section 4. It is assumed that 95% of capital 
costs will be funded up-front in the form of a grant and/or other such funding, while the remaining costs 
are annualised over the 20 year period.  
5.2 Results and conclusions 
The price of water required for an option to break-even given the base case assumptions described 
above is provided in Table 5.1.  
Table 5.1. Break-even price for water produced from the sports dam in its current state and 
each Option, using KBR commercial or DAWA/Shire rates and base case 
assumptions 
Option Water price based on 
KBR commercial 
rates 
($/kL) 
Water price based on 
DAWA/Shire rates 
($/kL) 
Current - 0.63 
1 0.99 0.63 
2a 1.24 0.38 
2b (with liner) 3.98 1.46 
Acknowledging the base case assumptions set for these analyses, use of the sports dam to produce 
water, as currently done, costs less than the assumed cost of scheme water. However, there may be a 
significant risk of supply not being achieved over the 20-year period. Furthermore, the total annual 
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yield from this dam is less than the current requirement of 50.4 ML. Hence, if annually, 19 ML of water 
was made available from the sports dam for the oval and park at $0.63/kL, and the remaining 31.4 ML 
required was purchased from the scheme at $1.20/kL, the average cost of water would increase to 
$0.98/kL.  
Alternatively, when DAWA/Shire rates were used in analyses for Options 1 and 2a, the break-even 
price of water was found to be $0.63/kL and $0.38/kL respectively (Table 5.1). With inclusion of 
scheme water to make up the shortfall in supply of 15.4 ML for Option 1, the average price of water 
would increase to $0.80/kL.  
Excess water that is expected to be produced over current estimated demand for Option 2a, as 
described in Section 4.5, would provide additional water. However, if this excess water was not 
valued, and hence only 50.4 ML was of value, then the break-even water price for this Option would 
increase to $0.52/kL. Moreover, if Option 2 was to be implemented, additional benefits of up to 
$22,060 per year could be realised, due to lower risk of salinity and water damage to infrastructure 
such as buildings and roads. By including the total value of these benefits in the analysis, the break-
even price of water drops to $0.06/kL. 
Water produced for Option 1 using KBR commercial rates could be valued at $0.99/kL and would 
break-even. Making up the shortfall in supply (15.4 ML) by including scheme water increases the 
average price of water to $1.06/kL. Water produced under the circumstances described for Option 2b 
(with DAWA/Shire rates) or Option 2a and 2b (KBR rates) would need to be valued above the 
estimated scheme water price to break-even.  
For all base case options, decreasing the discount rate to 4% from the base of 7% marginally changed 
the overall outcome of the results with the break-even water price determined for Option 2a falling to 
below the scheme water price ($1.03/kL). The break-even water prices for all other options were as for 
the base case analyses described above. 
It is assumed in the base case analysis that all of the water produced in Options 1 and 2a results from 
the improvements made to the sports dam, and without these the existing dam would yield nothing. 
Alternatively, if the costs for Options 1 and 2a are linked specifically to the additional water produced 
over and above that currently generated by the dam in its existing state (19 ML), then the break-even 
water price for each option would increase and become greater than the scheme water price for 
Option 1 despite using KBR rates ($2.16/kL) or DAWA/Shire rates ($1.37/kL). The water price would 
also be greater than the scheme water price for Option 2a (KBR rates) at $1.70/kL but when 
DAWA/Shire rates were incorporated the break-even water price only increased to $0.52/kL. 
The engineering costs for Option 3 are presented in Table 4.4 and it is assumed that the major benefit 
arising out of implementation of this option is a reduction in damage to town infrastructure. Therefore 
combining Option 3 (as described in Appendix K) with all other options would result in an increase in 
costs but also an increase in benefits in that damage to infrastructure arising from salinity and water 
inundation could be reduced. It is assuming that 100% of the damage reduction benefits can be 
achieved for each combined option. The resulting costs are greater than the benefits if KBR rates are 
used in each analysis with only Option1/Option3 being a better alternative to scheme water (Table 
5.2). However, when DAWA/Shire rates were used in the analyses of the combined options, all options 
were a better alternative to scheme water (Table 5.2). 
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Table 5.2. Break-even prices for water produced from the sports dam in its current state and as 
described for each Option, using either KBR commercial or DAWA/Shire rates and 
base case assumptions with inclusion of Option 3 (DAWA/Shire) 
Water price ($/kL) based on  Option 
KBR commercial rates DAWA/Shire rates 
Current - 0.01 
1 0.66 0.30 
2a 1.07 0.21 
2b (with liner) 3.66 1.13 
While total costs are included in the above analyses, the break-even water price can be divided into 
annual operating costs per kilolitre of water produced, and the combined capital and opportunity cost 
of investment per kilolitre of product water for each option (Table 5.3). Note that commercial costs and 
the DAWA/Shire estimation for operating and maintenance were assumed to be the same. 
Table 5.3. Capital and opportunity cost of investment per kilolitre of water produced from the 
dam in its current state, and as described for each Option, using either KBR 
commercial or DAWA/Shire rates, and the operating and maintenance costs 
Capital cost and opportunity cost of investment 
based on  
Option 
KBR commercial rates
($/kL product water) 
DAWA/Shire rates 
($/kL product water) 
Operating and 
maintenance cost  
($/kL product water) 
Current - 0.54 0.09 
1a 0.70 0.34 0.29 
2a 1.08 0.22 0.16 
2b (with liner) 3.76 1.24 0.22 
Options 1, 2a and 3 (analysed using DAWA/Shire rates) should be considered as potential water 
management options for Lake Grace. Furthermore, if decision makers are interested in the work being 
conducted on a purely commercial basis then Options 1 and possibly 2a (using KBR rates) may be 
better alternatives than the purchase of scheme water. Option 2a (DAWA/Shire rates) shows the 
greatest returns of any of the options. This conclusion is strengthened if benefits arising from reduced 
infrastructure damage are included in the analysis, or if the additional water produced from 
implementation of this option provides an ‘insurance measure’ for exceptional years when there is 
drought, and/or excess irrigation water for viable use in industry, or for beautifying the town. 
Combining Option 3 (based on DAWA/Shire rates) with all options also increases net benefits and 
therefore would be a reasonable strategy for decision makers to contemplate more carefully. Based on 
the assumptions used in these analyses it is difficult to see ensuing net benefits from the construction 
of a new dam (Option 2b) unless in some instance the benefits derived from Option 3 can be realised.  
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Figure 5.1. Schematic for Option 1 - Existing Sports Dam to Oval 
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Figure 5.2. Schematic for Option 2a - Surface run-off and to existing dam 
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Figure 5.3. Schematic for Option 2b - Surface run-off to new dam 
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Figure 5.4. Schematic for Option 3 - Management of surface run-off 
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6. Conclusion 
DAWA and its partners have undertaken scientific investigations and in consultation with the Shire of 
Lake Grace have devised solutions for water management at Lake Grace.  
The objectives are to provide water resources development; salinity management and identify socio-
economic opportunities associated with water resources. 
This Water Management Plan synthesises outcomes from all scientific investigations and reports, and 
recommends water management options. Scientific investigations suggest that: 
• Salinity risk for most part of the town is low, except at the central and south eastern edge of 
town. Anecdotal evidence of salinity is at the post office and town hall; 
• Waterlogging is reported due to discharges of surface run-off at the break of slope, and from 
the catchments north and east of town;  
• Salinity management through surface water processes would be more effective than pumping 
of groundwater; 
• Total scheme water consumption is 137.3 ML/year, supplied by the Water Corporation. There 
is potential to reuse treated wastewater (approximately 70 ML/year). Surface run-off of 
70 ML/year could be captured as a potential water resource; 
• Current demand for irrigation on parks and ovals is approximately 50 ML/year. This is being 
supplied by the local sports dam owned by the Shire. An additional 30 ML/year comes from 
scheme water when the dam is dry. 
Water management options outlined below are a result of scientific investigations and consultation 
with the Shire: 
• Option 1: Utilise the existing sports dam and its catchment for irrigation within Lake Grace town.  
• Option 2a: Capture stormwater run-off from the town and farmland east of Kulin-Lake Grace Rd 
(east of townsite) via a sump then pump it to the existing dam for storage.  
• Option 2b: Capture stormwater run-off from the town and farmland east of the Kulin-Lake Grace Rd 
(east of townsite) via a sump then pump it to a new dam for storage.  
• Option 3: Capture stormwater run-off from two catchments, east of the Kulin-Lake Grace Rd (east 
of townsite) and north of Stubbs Rd (north of townsite) into drainage channels bypassing the 
townsite to alleviate the waterlogging/inundation problem. 
Preliminary engineering analyses were undertaken to quantify water yield for each option and the 
associated capital requirements and costs, plus operation and maintenance costs. Two sets of 
costings are provided in this report. ‘KBR commercial rates’ includes comprehensive costs that are 
based on the assumption that the project would be completely out-sourced and use materials of the 
highest quality. The alternative costings are termed ‘DAWA/Shire rates’ and based on work being 
conducted by local operators using adequate materials. It is important to note that further engineering 
analysis would be required prior to implementation of any of these options.  
The annual water yield from the current dam is estimated to be 19 ML. With additional catchment and 
upgrading as documented for Option 1, water yield would increase to 35 ML/year. Upgrading the dam 
as for Option 1 plus capturing surface water from within the townsite as suggested for Option 2a, 
would increase annual water yield to 69 ML. With a new dam and capture of surface water from within 
the townsite, as suggested in Option 2b, annual water yield from this system would total 36 ML/year. 
Additional water would not be produced for any purpose if Option 3 was implemented alone. 
Cost-benefit analyses were completed for the sports dam in its current state and for Options 1, 2a, 2b 
and 3 using both KBR commercial and DAWA/Shire rates. Results from these analyses suggest that 
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Options 1, 2a and 3 (analysed using DAWA/Shire rates) and Options 1 and possibly 2a (using KBR 
rates) should be considered. Moreover, Option 2a (DAWA/Shire rates) shows the greatest potential. 
This is especially so with inclusion of benefits arising from reduced infrastructure damage, either alone 
or in combination with Option 3. Benefits further increase if the additional water produced from 
implementation of this option provides an ‘insurance measure’ for drought years, and/or excess 
irrigation water for viable use in industry, or for beautifying the town. Combining Option 3 (based on 
DAWA/Shire rates) with all options also increases net benefits and therefore would be a reasonable 
strategy for decision makers to contemplate more carefully.  
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Summary 
 
The Shire of Lake Grace stretches from Tarin Rock in the west to Hatters Hill in the east of Western 
Australia (Shire of Lake Grace, 2004). The Shire is located approximately 345 km from Perth. Lake 
Grace, as suggested by the name, is covered with an abundance of natural shallow salt lakes that 
stretch along the ancient river systems. The shire itself has been built around agriculture and a 
diverse economy has stemmed from this. Throughout the Lake Grace area, as with most of the 
Wheatbelt, the major agricultural industries include crops and farming of sheep for wool and meat. 
Lake Grace is a cross roads to Hyden (Wave Rock), Albany, Esperance and Perth (Shire of Lake 
Grace 2004). For this reason it is often a stopover point for many tourists. In June 2002 Lake Grace 
had a population of 1,568 people. The Shire exhibits the typical characteristics of a traditional 
Western Australian rural town.  
 
Water is supplied via a comprehensive water scheme from the Water Corporation. It was determined 
via questionnaires carried out by a number of residents in the Shire that the quality of scheme water 
is good overall but may vary seasonally. Given that agriculture is the predominant industry and the 
highest contributor to the economy in the region, water is often the defining resource that determines 
the profitability of the industry. The demographic profile (population, employment, income, 
occupation) of the town will often fluctuate depending on the success of the agricultural industry and 
so for farmers to remain sustainable it is vital to ensure quality resources. The surveys carried out 
revealed that no-one is more aware of this crisis than the farmers. Many have detailed water 
management plans. It is important to utilize this local knowledge and possibly adopt some of these 
ideas into the water management plan derived within the project in order to ensure the future 
sustainability. It was also established that the water crisis was not felt so severely by those who had 
access to scheme water. They were not affected by lack of supply and rarely affected by poor 
quality. However, when comparing Lake Grace to Pingelly and Woodanilling it seemed that there 
was a greater awareness regarding water quantity and quality issues from residents in the townsite 
(majority of scheme water users).   
 
Urban salinity has a significant economic impact on many rural towns in Western Australia. The WA 
Salinity Investment Framework (SIF) predicts that damage within those towns will be more than $55 
million statewide over the next 30 years.  With increasing water restrictions, economic and social 
development is also being stifled by declining water supplies. Salinity management based solely on 
water abstraction isn’t cost effective. However, an integrated approach incorporating salinity 
management with new industries (based on local water production) may be viable and produce 
multiple benefits. As a part of this project people’s perceptions and concerns relating to townsite 
salinity were investigated. The town of Lake Grace derived a different response from this topic than 
that of Pingelly and Woodanilling. In the other two towns investigated most residents from who 
participated believed there was no problem with salinity in the townsite. Those who said there was a 
salt problem in the town mentioned that they could not visually see any problems but had been told 
by someone that there was salt in the water. Conversely, most residents in the townsite believed 
there was definitely a salt problem. Most mentioned they were aware of this and could see visible 
signs across certain areas. This response was consistent with the response of farmers who 
participated in the survey. Most farmers thought there were salinity problems in the town and were 
also aware of the rising groundwater problems in the town.   
 
Other important issues such as the possibility of recycled water consumption, Waterwise gardening, 
water management and water related industries were also assessed.   
 
We were unable to find any participants for the industrial survey. Some valuable local knowledge 
relating to industry concerns and issues is missing and it is suggested that this be followed up in 
order to gain a more comprehensive view of the perceptions and concerns of residents in the 
industrial community. 
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As a result of this preliminary investigation a set of recommendations was derived that will aid in the 
successful completion of the project for all parties involved. These recommendations are as follows: 
Determine each town’s expectations for the RT-LA project, revisit Lake Grace and conduct a more 
thorough investigation with a larger sample size, increase community education and communication 
among stakeholders and finally further investigations into new water related industries.  
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1 Introduction 
The Shire of Lake Grace stretches from Tarin Rock in the west to Hatters Hill in the east (Shire of 
Lake Grace, 2004). As suggested by the name, it is covered with an abundance of natural shallow 
salt lakes that stretch along ancient river systems. The shire has been built around agriculture and a 
diverse economy has stemmed from this. Throughout the area, as with most of the wheatbelt, the 
major agricultural industries include crops and farming of sheep for wool and meat. Mainstream 
crops grown include wheat, canola, oats, barley, lupins and various legumes. With climatic change 
bringing negative impacts on traditional agricultural methods in recent year’s farmers throughout the 
wheatbelt have been forced to diversify their businesses in order to remain sustainable. In Lake 
Grace new industries that have arisen include yabbies, wine grapes and oil mallees. The shire is 
made up of four districts, which comprise Lake Grace, Newdegate, Lake King and Varley. Outlined 
below are some statistics relating to the shire. 
 
Distance from Perth (km) 345 
Area (sq km) 9,245 
Length of Sealed Roads (km) 440.9 
Length of Unsealed Roads (km) 2,050 
Population 1,558 
Number of Electors  1,158 
Number of Dwellings 790 
Number of Council Employees  26 
   (Shire of Lake Grace 2004) 
 
Lake Grace is a cross-road to Hyden (Wave Rock), Albany, Esperance and Perth and it is often a 
stopover point for tourists. The shire exhibits a range of tourist attractions including bird watching, 
viewing wildflowers, local vineyards and an excellent spot to picnic in the large nature reserves. 
There is an array of sports complexes including golf, hockey, football, a swimming pool, netball, 
tennis, bowls and equestrian sports in which visitors are always encouraged to join in and contribute 
to the social nature of the community (Shire of Lake Grace, 2004).  
 
Also contributing to the economy of Lake Grace, the town centre exhibits many small businesses 
consisting of a clothing store, hairdresser, beautician, massage therapist, post office, police station, 
café, hotel, library, youth centre, two banks, Caravan Park and numerous others (McEncroe 2004). 
In terms of educational facilities, situated in Lake Grace itself there is a district high school to year 10 
and a Telecentre providing Tertiary education and access to TAFE courses (McEncroe 2004). The 
shire also exhibits a multi purpose district health service providing services to the communities of 
Lake Grace, Newdegate and Pingaring. The hospital has 10 beds and offers a range of services 
including 24 hour accident and emergency, medical, minor surgical, pediatric, ante-natal, post-natal 
care, aged care and a general practitioner residing in the town (McEncroe 2004). Other council 
facilities include an airstrip, numerous halls, sporting pavilions and recreational grounds all available 
for public use, the Lake Grace AIM Hospital Museum, visitor information centre and RSL Hall. 
 
A number of annual festivals also take place in the town such as the speed shearing competition, 
across the lake regatta, horse and pony club annual riding school and an art exhibition (Anon (2), 
2004). 
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2 Demographic Trends and Indicators 
 
2.1 Population 
The population of the Shire of Lake Grace was 1539 in August 2001 according to the Australian 
Bureau of Statistics (812 males and 727 females). This represents a decrease of 13% since the 
1996 census and 14.7% since 1991 as seen in Table 1. In June of 2002 the population count was 
1,568. This represented a decrease of 2.5% from the previous year. Over the same period the 
population of regional Western Australia grew by 1.1% and the entire State population grew by 1.4% 
(ABS 2004) 
 
Table 1. Census Population Counts 
 2001 1996 1991 % Change 1991-2001 
Male 812 951 978 -17.0% 
Female 727 818 826 -12.0% 
Total 1539 1769 1804 -14.7% 
Note: Overseas visitors are included in these counts 
  
This clearly represents a declining population in Lake Grace which is evident in Figure 1 below. 
 
Population [Annual]
0
500
1000
1500
2000
2500
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
N
o.
 o
f P
eo
pl
e
-4.0%
-3.5%
-3.0%
-2.5%
-2.0%
-1.5%
-1.0%
-0.5%
0.0%
0.5%
1.0%
G
ro
w
th
 R
at
e 
(%
)
Population
Growth
 
Figure 1. Annual population & population growth for the shire of Lake Grace 
 
In June 2002 the population of the shire of Lake Grace comprised 0.3% of the people living in 
regional Western Australia and 0.08% of the State’s population. 
 
The median age for the 2001 census was 35 years. In 1996 the median age was 32 years, while in 
the earlier 1991 census the median age of the Lake Grace population was 30 years. These figures 
indicate an aging population (Figure 2). 
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Total Population Ages in Lake Grace
0
50
100
150
200
250
0 years
0-4
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
90 years and over
O
verseas visitors
Age Categories
N
um
be
r o
f P
er
so
ns
1991
1996
2001
Figure 2. Population age over three census years in the Shire of Lake Grace 
 
There seems to be a trend emerging over all three census counts in which there is a lack of 15-19 
year olds present in the population. When comparing 2001 to the previous years there seems to be 
far more people in the above 40s bracket than below 40s, which also suggests an ageing population. 
 
 
Figure 2b. A comparison of age versus sex in Lake Grace (Anon, 2004) 
 
Figure 2b shows the predominant age group in Lake Grace to be 0-9 years. There also seems to be 
a significant portion of the population in the 30-60 age bracket, which is also evident in Figure 2, 
evenly spread across both genders. In the 20-29 age bracket Lake Grace has significantly more 
males than females. This could possibly be due to the high percentage of males involved in the 
agricultural industry at this age. 
 
In the 2001 census 87% of people living in Lake Grace stated they were Australian born. This 
compares with 86.8% in 1996 s and 89.4% in 1991. Of those not born in Australia, the three main 
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countries of birth in 2001 were the United Kingdom (3.9%), New Zealand (3.6%) and the Netherlands 
(0.5%) (Figure 3). 
 
Throughout the shire, English was stated as the only language spoken at home by 95.9% of people. 
From the remaining 4.1% the most common language spoken at home other than English in the 
2001 census was stated to be Arabic (0.4% of people). Other languages spoken at home are 
displayed in Figure 4. 
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Figure 3. Birthplace of Lake Grace Residents (Census 2001) 
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Figure 4. Language spoken at home, Shire of Lake Grace (census 2001) 
 
Throughout Lake Grace the dominant religion seems to be Catholic (20% of the population). Closely 
following is 17% having no religion and 10% affiliated with the Uniting Church (Figure 5). 
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Figure 5. Religious affiliation in Lake Grace (Census 2001) 
 
2.2 Employment 
Total employment in the Shire of Lake Grace in the June 2003 quarter was 1,165 people. This 
represented an increase of 5.7% from the previous quarter. However, when comparing the June 
2003 quarter with the same quarter from the previous year, employment within the shire decreased 
by 16.7%. This is a dramatic drop, especially when considering that over that same period regional 
Western Australia experienced a 1.5% growth in employment and the entire State encountered a 
total of 1.9% growth. Both employment and unemployment statistics can be seen in Figures 5a, 5b 
and 5c below. (Department of Local Government and Regional Development, Government of 
Western Australia, 2003) 
 
In the June 2003 quarter there were 15 unemployed people in the Shire. The unemployment rate 
was 1.3% compared to 5.6% for regional Western Australia and 5.9% for the State. Although these 
statistics look positive when comparing them to unemployment at a regional and State level, it has 
been suggested that they may be an inaccurate. The Wheatbelt Area Consultative Committee 
believes that these figures do not give a true picture of the unemployment status of particular regions 
due to the fact that people (particularly young people) are being forced to leave their small 
communities when they become unemployed to find work in the larger centers (Bothams 1998). The 
process of rural depopulation due to lack of employment opportunities is not accounted for in the 
unemployment status of rural towns and may therefore be highly underestimated. Hidden 
unemployment statistics is a significant regional issue that needs to be reassessed before making 
any assumptions about the employment status of a rural town.  
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Figure 5a. Quarterly employment statistics for the Shire of Lake Grace 
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Figure 5b. Quarterly unemployment statistics for the Shire of Lake Grace 
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Figure 5c. Percentage of people unemployed in the Shire of Lake Grace over three census counts 
 
In all regions of the wheatbelt including Lake Grace, part time employment is growing while the 
number of full time positions is declining. A reoccurring trend shows the number of females 
increasing as a proportion of the work force. The proportion of women in part time work is more than 
twice that of men. Almost half of the female population in the workforce works part time, while the 
great majority of men work full time (Bothams 1998). These trends are specific to Lake Grace and 
many other rural towns and can be seen in Figure 6. These statistics may be attributed to the fact 
that a lot of the time females in rural centers tend to work in part time positions and in their time off 
help out on the farm. It is likely that this situation is not accounted for when assessing whether 
females are employed full time or part time.  
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Figure 6. Labour force status for Lake Grace relating gender, full time and part time positions 
 
In the 2001 census, 71.1% of people were working full time and 26% of people were working part 
time.  
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2.3 Industry 
Agriculture, forestry and fishing remain the largest source of employment in Lake Grace and the 
wheatbelt as a whole (Bothams 1998). In 2000-01 total agricultural production in the Shire was 
valued at $106.6 million (Figure 7a). This represented a decrease of 41.5% from the previous year 
compared to 7.7% decline for the agricultural industry statewide. This significant decline in 
production may be attributed to the fact that in this year both a drop in wool prices and considerable 
drought period took place that would have undoubtedly affected agricultural production in the Shire. 
In the 2001 census year the Shire of Lake Grace contributed 2.4% of the State’s total agricultural 
production by value.  
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Figure 7a. Annual agricultural production value for the Shire of Lake Grace 
 
Aside from the agricultural industry, which is the major contributor to the states GDP other smaller 
industries make up the remainder of the work force in Lake Grace. These smaller significant 
industries are displayed in Figure 7b. 
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Industries in Lake Grace - Excluding 
Agriculture
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Figure 7b. Industries of employment in the Shire of Lake Grace 
 
It is clearly evident from Figure 7b that the dominant industries excluding agriculture seem to be 
wholesale trade, retail trade and education. In the 2001 census 2% of people were employed in the 
manufacturing industry, 2.9% in construction, 6.7% in retail, 6.4% in education and 3.9% were 
employed in the health and community services industry.  
 
In terms of the population’s occupation status, the 2001 census showed that 44.2% of people were 
employed as managers and administrators (Figure 7c). With relation to the other categories this 
occupation employed by far the most people. This can be explained by the fact that both farmers and 
land managers fall under this section and thus occupy a great deal of the agricultural sector.  
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Occupation by Sex
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Figure 7c. Occupation versus gender, Shire of Lake Grace (census 2001) 
 
The census 2001 statistics also show that the largest sector for employment by far in the shire of 
Lake Grace remains the private sector, followed by the state government. The State Government 
employs significantly more females than males in the 2001 census year (Figure 7d).  
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Industry Sector Employment - Lake Grace
0
100
200
300
400
500
600
700
800
900
1,000
Commonwealth
Gov
 State Gov  Local Gov  Private Sector  Community
Development
employment
program
 Not Stated
N
um
be
r o
f P
eo
pl
e Males
Females
Persons/Total
 
Figure 7d. Industry Sector Employment – Shire of Lake Grace (census 2001) 
2.4 Finance 
The average taxable income for all individual taxpayers in the Shire for 1999/00 was $7,222, which 
represents a phenomenal decrease of 74.5% from the previous year (1998/99). This drop in income 
can be partly attributed to the effects of drought in these years. However, it is difficult to determine 
the reliability of these figures due to the role tax implications play in farming regions. These statistics 
can be seen in Figure 8a.  
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Figure 8a. Annual average taxable income for the Shire of Lake Grace 
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The average taxable income for all individual taxpayers in regional Western Australia in 1999/00 was 
$33,958 and the State average was $35,406 (Department of Local Government and Regional 
Development, Government of Western Australia, 2003). These statistics signify a huge gap in 
income between the state and regional level in comparison to the Shire. Although Lake Grace’s 
average taxable income falls far below those at a regional or State level it would possibly be 
inaccurate to make these comparisons due to the tax implications that apply to farmers in terms of 
their significant deductions. 
Figure 8a shows a significant decline in income between 1997/98 and 1999/00.  
 
The median weekly individual income for people aged 15 years and over in the 2001 census was 
$300-$399 (Figure 8b). While not directly comparable, the median income recorded in the 1996 
census was $400-$499 and $200-$299 in the 1991 census (ABS 2004). 
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Figure 8b. Weekly individual income of the Shire of Lake Grace (census 2001) 
 
It is also clearly evident in the Shire of Lake Grace that in the higher income bracket ($500/week and 
above), the males are by far more abundant (Figure 8c). However there is a higher number of 
females compared to males earning weekly incomes in the lower income bracket ($400 and below). 
This may possibly reflect the high proportion of females in Lake Grace employed part time and the 
large percentage of males employed in full time positions.  Although these results seem clear it is 
likely that they too are somewhat unreliable. Often on farms the income is distributed between all 
family members, making it difficult to determine what an individual’s actual income is. It is unlikely 
that this situation is accounted for in census data.  
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Weekly Individual Icome By Sex
0
10
20
30
40
50
60
70
80
90
100
Ne
ga
tiv
e/N
il i
nc
om
e
$1
-$3
9
$4
0-$
79
$8
0-$
11
9
$1
20
-$1
59
$1
60
-$1
99
$2
00
-$2
99
$3
00
-$3
99
$4
00
-$4
99
$5
00
-$5
99
$6
00
-$6
99
$7
00
-$7
99
$8
00
-$9
99
$1
,00
0-$
1,4
99
$1
,50
0 o
r m
ore
No
t s
tat
ed
N
um
be
r o
f P
eo
pl
e
Males
Females
 
Figure 8c. Weekly individual income versus gender, Shire of Lake Grace (census 2001) 
 
2.5 Residence statistics 
Family statistics from Lake Grace (2001) show that 37.1% of the population lives in couple families 
with children, 29.4% of people exist as couple families without children, 3.2% are lone parent 
families, 0.5% are classified as other family types. There were 3.4% of the population in group 
households and 26.4% in lone person households (ABS 2004). Clearly, most of the population of 
Lake Grace exists as either couple family with children, couples without children or lone person 
households.  
 
As seen in Figure 9a, the majority of the population is either married or never been married (single).  
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Figure 9a. Marital status, Shire of Lake Grace (census 2001) 
 
Lake Grace contains predominantly households with children. However, there is also a significant 
percentage of lone households or childless couples (Figure 9b). Often, changes in these types of 
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statistics can be due to industries closing down in the Shire forcing people to move away or 
government departments shifting there building, namely the Department of Agriculture.  
 
Figure 9b. Household structure, Shire of Lake Grace 
         (Anon, 2004) 
A significant portion of the residents have completed high school to either year 10 or year 12 level. 
This is thought to be common in most areas (Figure 9c). Far more males compared to females 
completed high school to only year 8 or 9. 
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Figure 9c. Highest level of secondary schooling completed for the residents in Lake Grace 
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3 Climate 
Lake Grace has a temperate, Mediterranean climate consistent with the majority of the wheatbelt. 
The shire experiences hot dry summers and cool winters. Most rain is received during the winter, but 
summer storms contribute significant amounts of rain on some occasions (Addison 2001). A set of 
annual Lake Grace climate details is presented below. This data is derived from the Bureau of 
Meteorology and are a set of long-term average values.  
 
Table 2. Lake Grace climate averages, Bureau of Meteorology 
Mean Daily Max Temp (deg C)       
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
31.5 30.6 28 23.9 19.6 16.5 15.3 16.4 19.1 22.7 26.4 29.6 
Mean Daily Min Temp (Deg C)       
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
14.8 15.1 14.1 11.5 8.6 6.7 5.7 5.6 6.7 8.6 11.3 13.4 
Mean Rainfall (mm)         
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
16.3 19 22.8 22.9 44.3 52.1 48.8 41.2 30.7 22.5 18.3 14.3 
       (Bureau of Meteorology, 2004) 
 
According to the Bureau of Meteorology the average annual rainfall is 356 mm.  
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4 Drainage 
Surface water within the Lake Grace townsite tends to drain to the northwest, south and southwest. 
Within the town, bitumen roads are curbed and a piped stormwater drain system discharges to the 
south of the town. Run-off from the grain depot site to the north of the town flows into a dam, which is 
designed to act as a flood retention basin, and is then directed around the east of the town through a 
paved open drain. The low surface gradient in the town and the small stormwater pipes cause 
ponding to occur in the main street (Addison 2001).   
 
5 Water Prices 
Rates and Charges – Country Commercial 
Commercial properties are subject to a service charge and to a usage charge. The service charge 
for water is based on the metered water service serving the property. In 2004/05 the service charges 
were: 
 
Meter Size 
Charge 
(2004/05) 
15mm & 20mm meter $452.00 
25mm meter $706.30 
30mm meter $1,017.00 
35mm, 38mm & 40mm meter $1,808.00 
50mm meter $2,825.00 
70mm, 75mm & 80mm meter $7,232.00 
100mm meter $11,300.00 
140mm & 150mm meter $25,425.00 
  
In terms of usage charges, the area in which you live is allocated to one of five classes by the water 
corporation on the basis of the cost of supplying water to that area. The water corporation has 
allocated Lake Grace to class 4 and the usage charges are outlined below. 
 
Lake Grace  
Usage (kl) Class 4 c/kl 
0-300 Kl 132.2 
Over 300 Kl 249.1 
      (Water Corporation(a), 2004) 
Rates and Charges – Country Residential 
Each residential property is subject to a service charge and usage charges. The water corporation 
issues an annual service charge for each residential property. In 2004/05 the service charge for each 
residential unit is $149.00. 
 
Water usage charges are billed on a four monthly basis and increase with use to encourage the 
efficient use of water. As with commercial properties the area in which you live is allocated to one of 
five classes on the basis of the cost of providing water to that area for usage. Lake Grace is 
allocated to class four and the usage charges are outlined below. 
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           (Water Corporation (b), 2004) 
 
 
 
 Lake Grace 
Usage (Kl per year) Class 4 c/Kl 
First 150 kl 41.6
Next 200 kl (350) 67.4
Next 100 kl (450) 85.7
Next 100 kl (550) 132.8
Next 200 kl (750) 159.5
Next 400 kl (1150) 262.4
Next 400 kl (1550) 477.1
Next 400kl (1950) 572.5
Over 1950 kl 667.7
6 Post-survey Review 
A survey was designed to gather information from recognized groups in the Shire and aimed to gain 
an understanding of what issues are seen as important by the local community, and of hopes and 
concerns for the future of the town. Individual questionnaires were designed for members of the 
residential and industrial population and a set of questions were allocated to the CEO of each town.  
 
It is important to note that there was only a very small sample of the population surveyed and so the 
opinions described are not necessarily representative of the entire Shire’s population. It is also 
essential to understand that the findings documented below are in fact people’s opinions rather than 
facts and so some findings may be variations from the facts depending on people’s perceptions. In 
this section the key findings from the questionnaires completed in Lake Grace will be summarized.   
 
When reviewing the questionnaire, it’s structure and it’s effectiveness it was clear that the question 
that posed the most problems to the majority of participants was the biodiversity question. The 
majority of participants either had to ask what the word meant or assumed that biodiversity related to 
diversity of businesses in the Shire. Those who I explained the meaning of the word biodiversity to 
mostly said that it was important to their town and that water management strategies were affecting 
the state of biodiversity in Lake Grace. However, I expect that this was a common response due to 
the fact that they were still unsure of what the word meant and felt this was the right answer to give 
rather than what they actually believed. For those who believed biodiversity related to the diversity of 
businesses in an area, most participants felt quite strongly about the importance of diversifying 
businesses in country areas and believed that water management strategies would effect this 
prospect. After conducting this survey it is clear that biodiversity is not a major issue in the Lake 
Grace Shire as little people actually know what it refers to and those who did believed it was 
unfortunately not profitable to protect biodiversity and therefore not feasible.  
 
In many surveys discussion of water supply in Lake Grace relating to quality and quantity was quite a 
topical conversation. The majority of residents interviewed who lived in town generally had no issues 
with supply of water. Most of them had scheme water and supplemented this with rainwater in which 
they used to reduce their reliance on scheme water. From residents living in town some mentioned 
that their scheme water had never run out when they turned the tap on so they assumed supply was 
not an issue. Most said the quality of rainwater was fantastic and was used for drinking and all 
household purposes. In terms of scheme water peoples responses varied in terms of quality. 
However, most people said the quality of the scheme water was good but often included in their 
response that they had a filter on their scheme water going to the house. The comment also arose 
quite often that the quality of scheme water varied seasonally. Shire residents often related this to 
the fact that in summer the dams are low and so the salt and chemicals are more concentrated than 
in winter. For this reason summer time seemed to be the time when residents were most unhappy 
with the quality of there scheme water, but again this varies from person to person.  
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An important issue that the surveys revealed was that there was more concern regarding water 
supply and quality from the residents living on farms outside of the town compared to those living on 
residential blocks in the town. Many of these people surveyed did not have access to scheme water 
and so did display concern for their future water supplies and the sustainability of their farms. Most 
were more apprehensive towards future supply of water rather than quality however quality was still 
a major issue. It was clear when speaking to people on farms that there was a divide between two 
types of people and their opinions relating to water in Lake Grace. These two groups included those 
who had secured private water sources on their properties and those who did not either because the 
quality of water under their property was too saline or the water just wasn’t there. There was a 
definite split of opinion relating to water between these two groups. Those who had private water 
sources on their property of sufficient quality were not so concerned about the future of water 
supplies in Lake Grace. Many of the questions relating to water they were not able to answer or 
believed there was no problem and stated that they had never really had to consider issues like that 
because they have never been in a situation where quality water was lacking and probably never will 
be. On the other hand, those who were unable to secure private water sources or had private water 
sources that were very poor in quality showed more concern about the future especially in relation to 
sustainability. Those who had an abundance of water on their property also mentioned on numerous 
occasions how they believe that what ever water is on the property that they own, they should be 
entitled to and shouldn’t have to share with other people. I got the impression that rather than the 
future of water supplies in Lake Grace, this was the major concern of these people that this project 
was not going to aim to take their water away from them and share it between others. 
 
When participants were asked what they would like to see any excess water being used on in the 
Shire there was once again quite a divide between those who lived in the town and those who lived 
on farms. Almost 100% of participants (residents and farmers) stated they would like to see the 
water used for town beautification purposes. For some the reasoning behind this was purely for 
personal satisfaction and lifestyle concerns, while others related better parks and gardens to 
attracting more people to the town and an improved standard of living which would in turn benefit 
Lake Grace. Although this response was common across town’s people and farmers, the farmers 
also made it clear that as well as town beautification they would like to see any excess water stored 
for the future to aid in drought proofing farms. This was a very common response across most 
farmers who thought storing the water in dams or other storage facilities would be a good idea 
considering the future implications to the Shire relating to lack of water. Finally, there was some 
suggestion that excess water may be used to make better use of the salt lakes for recreational 
purposes and water sports. By doing this it would not only increase the resident’s standard of living 
but would improve the attractiveness of the town and tourism would definitely be increased. This 
suggestion was not mentioned as regularly as the other two major uses for water but is important to 
recognize there are concerns in the community for this type of initiative and the flow on benefits it 
may attract.  
 
Respondents were also asked if they recycle any water within their household or business. The 
responses from this question could be split into two categories, residential and farmers. Most 
residential people surveyed in Lake Grace stated they did recycle some of their grey water onto the 
garden however none of them had a wastewater treatment or recycling device installed in their 
home. At the other end of the scale farmers that were interviewed seemed to be quite self sufficient 
when it comes to recycling water. Many had specific management plans when it came to water 
harvesting and recycling of their water. Although the majority of farmers were quite concerned with 
recycling water very few of them said they had actual wastewater treatment facilities installed on 
their farms. Most mentioned that this would be highly desirable for them to have and most made 
specific reference to desalination facilities but said that the costs are too high for such systems and a 
substantial amount of funding would be necessary to make this a viable option for their businesses. 
 
The concept of the Waterwise gardening initiative was introduced to those participating in the 
residential questionnaire. Most respondents stated that they were aware of this initiative and 
understood the reasoning behind planting plants that were better suited to drier conditions. The 
majority of participants had adopted these plants as a part of their household gardens and 
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mentioned that every time one of their old plants died they would make sure they chose a waterwise 
plant to replace it. Most did not have a whole garden made up of these plants but said that a 
substantial portion of there gardens was made up of natives. Although a significant portion of the 
residents interviewed were supportive of the waterwise garden initiative there was still the occasional 
person who felt quite strongly about maintaining their traditional English garden and would not be 
adopting any of these native plants.    
 
Participants were also questioned about their willingness to drink recycled water. Again there was a 
split in responses between people living in the town and farmers. The majority of people surveyed on 
farms all had no problems with the thought of drinking recycled water. There was little questioning 
about this concept, most just agreed straight away and made comments such as, when you know 
what it’s like to have a lack of water you will drink anything and that many of them already drink from 
their dams, which are not very clean. Most people in town also agreed that they would drink recycled 
water. However, just about all of the people interviewed from the town in Lake Grace who said yes 
were very apprehensive and mentioned that they would have to be assured it was safe and that 
there was no decline in quality. One woman entertained the concept that perhaps she wasn’t to keen 
on drinking recycled water just because the word ‘recycled’ sounds dirty. In my opinion it sounded 
like many of the participants surveyed from the town said yes to this question because they thought 
that was the right answer that I wanted to here, but did not really mean it. This problem is often 
encountered in surveys similar to this one in which people can say they are going to do certain 
things, but the question often is whether they are actually going to do them or not? Using willingness 
to pay (WTP) questions can usually counteract this problem. However, in this questionnaire the WTP 
question may not have been as effective as expected. This question could only be asked if people 
said no to drinking recycled water, but in most cases people said yes and may not have necessarily 
meant it and so the question was rarely used in the surveys. For future research I think these 
questions must be reviewed due to the fact that there was some confusion over the lack of specific 
details as to what type of recycled water they would be drinking. An answer to this question was 
highly dependent on people’s interpretation of the question. Some people interpreted it as drinking 
recycled sewerage water and there were very little people who said yes to drink this. Whereas others 
interpreted it as drinking recycled saline water and so were more inclined to answer yes to the 
question.  
 
All people who participated in the survey were asked if they had any ideas for innovative water 
management and new water related industries. Some of the responses to innovative water 
management ideas are outlined as follows: managing eroded catchments to improve water 
resources and runoff, desalination was mentioned quite regularly as being highly beneficial but too 
expensive at the moment, pumping of underground water and feeding it to farmers, capturing surface 
water runoff from hard surfaces in the town, installing more rain water tanks in homes, groundwater 
that doesn’t get used and goes to waste and the promotion of water reuse in the town as this is not 
being done very effectively at the moment. The main response to this question was centered around 
the concept of water harvesting and was mentioned in many different forms. In Lake Grace there 
was also some discussion regarding the local fresh water creek and one participant made the 
following comment: “The main creek in the south of lake grace has the potential for more dams to be 
added to it to stop the water flow into the town. A lot of water is wasted when there are big down 
pours via runoff into the townsite. This would also help drought proof properties by storing this water. 
Reduce the amount of water going underneath the towns”. In terms of new water related industries, 
suggestions included, aquaculture (trout/yabbie farming), which was the most popular of responses, 
nurseries, viticulture/olives, solar technology and reusable energy and growing and hydroponics 
industries. 
 
After this question the participants were given a list of water related industries and asked to identify 
whether or not they would like them introduced into the Shire. Most people were happy for any 
industry to open up because this would bring more people and expand the Shire. This was the 
general feeling from most participants. However, there were some industries that were preferred 
more than others. A common response that seemed to come up with many respondents when 
suggesting some of the industries was that the extreme temperatures and lack of rainfall wouldn’t 
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permit many of these industries to be viable business options and so they would not like them to be 
opened up in Lake Grace. One participant mentioned that with things like tree farms, aquaculture, 
floriculture and horticulture it may not be profitable to introduce the industries because they can be 
grown with less costs in places like the South West where rainfall just comes out of the sky. He said 
when you add up the costs of having to pump and treat the extra water to keep these industries 
going in the wheatbelt we may not be able to compete with the same businesses in the South West 
who do not have this problem. As mentioned most people were happy to introduce any new 
industries that would bring people and money into the Shire but there were some common concerns 
about certain industries that did arise. It is important to remember that because such a small amount 
of the Shire’s population was interviewed we cannot take these concerns to be a representation of 
the entire population. Such concerns included the fact that wineries, floriculture, horticulture and tree 
farms may be affected from the chemicals from the farms and are often not compatible with broad 
acre farming techniques and chemicals. When speaking to farmers in Woodanilling they often had a 
common response to the notion of expanding tree farms in the area. Many farmers believed that by 
introducing more tree farms this would degrade good farming land. This comment was only prevalent 
among farmers. In terms of expanding the town’s recreational facilities many people were against 
this as they believed Lake Grace already has good recreational facilities, they just need to be 
maintained. Most people reacted positively to the introduction of intensive animal industries but a few 
people mentioned that they would not be happy if they were built close to the townsite. One 
participant made the following comment: “I would like to see the expansion of this industry and said 
that the feedlot he takes his animals to in the Shire is always short of water and this would be 
something positive to put a little bit of extra water into”. The expansion of eco-tourism in Lake Grace 
was quite divided in terms of people’s opinions. Some people felt quite strongly that there would be 
nothing in Lake Grace that people would want to come and see whereas others were very positive. 
The introduction of salt tolerant plant industries into Lake Grace was the most encouraged industry 
by all participants, followed by aquaculture.  
 
Most people interviewed in Lake Grace agreed that an increase of population could be supported as 
long as the increase was gradual rather than a large sudden influx. It was regularly mentioned that 
the amount of housing would need to increase in order for this to be possible but the land is available 
to be built on. However, in Lake Grace it was mentioned a couple of times that there are large 
housing developments currently underway to provide more unit type accommodation in the townsite.  
 
Finally, all participants were asked if they see salinity as a problem in the town. In Lake Grace the 
responses to this question were quite different from those in Woodanilling and Pingelly.  In Lake 
Grace almost all respondents said there was a salinity problem in the town and they could see the 
salt build up. It was evident that there was a much higher awareness of salinity in Lake Grace than 
the other towns. This is the opposite of the other two towns in which most residents believed there 
was no problem with salinity in the townsite.  Some people said they could not visually see any salt 
problems in the town but had either been told by someone that there was salt in the water or had 
seen the scales the Agriculture Department had put up around town that show the rising water table 
levels. Most farmers thought there were salinity problems in the town and were also aware of the 
rising groundwater problems in the town. It was also interesting that many farmers were able to 
distinguish between the effects of rising groundwater and salinity, whereby town residents did not 
make any reference to this. Some interesting comments made by two participants relating to salinity 
in the town of Lake Grace are outlined below:  
- “You can see the salt spreading from the lakes very easily.” He associated this with 
salinity in the townsite. 
- “The east and south ends of the Lake Grace townsite are badly affected by salt. It affects 
the foundations of the buildings. You can see the salt on top of the ground in these 
areas.” 
 
In terms of specific findings it was discovered the actual town population of Lake Grace had 
remained fairly static over the past 10 years whilst the entire Shire population was steadily declining. 
Ian Bartlett, Shire Works Manager, mentioned that in the actual townsite there seems to be a 
constant flow of people coming and going. He mentioned that the vision for the Shire is to become a 
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major rural town. They are half way between Esperance and Perth. He mentioned that there is 
increased traffic flow coming through Lake Grace and they want to be able to capture that for 
overnight stays. This is part of the tourism prospects for the Shire. Ian mentioned that the town’s 
businesses are expanding and as a consequence of this a new motel is being built within the next 
two years. Other local tourist ventures include the promotion of the Hollans Track that goes through 
the town. A station master house is going to be turned into a tourist information centre and the Shires 
natural heritage tourism is also being promoted in the Shire. There is also an AIM hospital in the 
town and there is only two left in Australia. Ian mentioned that although there are many tourism 
prospects for Lake Grace on the drawing board none of them relate to water.  
 
7 Conclusions & Recommendations 
After completing the desktop study for Lake Grace it was evident that the Shire’s demographic profile 
was consistent with a traditional Western Australian rural town. Population is steadily declining and 
much of the community and local businesses are dependent on the success of the surrounding 
agricultural industry. After conducting surveys in the town it became evident that residents were keen 
to diversify and reduce their reliance on the success of the agricultural industry. This was reflected in 
the survey when participants responded positively to the suggestion of the introduction of a number 
of water related industries to the Shire. It was generally felt that the introduction of any industry 
would bring positive flow on benefits to the Shires economic state. The questionnaires revealed that 
water was a prominent concern in the Shire. However there was a clear divide between those people 
who received scheme water (majority of the town and some farms) and those who had to secure 
their own water source. It was clear that the later were more proactive in their outlook towards water 
management strategies and had some good suggestions relating to facing the problems associated 
with future water supplies. In Lake Grace it was clear also that salinity was a major issue not only 
affecting the profitability of the agricultural industry but the state of the townsite itself. After 
considering all of the information gathered from the desktop study and the perceptions gathered from 
the surveys, a set of recommendations for the Shire of Lake Grace are outlined below: 
 
1. Conduct a set of surveys in Lake Grace that are directed towards the industrial population: 
- Unfortunately I was unable to speak to anyone from the industrial/business sector of 
Lake Grace whilst carrying out the surveys. To gain an even spread of the population it 
is important to go back and interview these types of people as there concerns relating to 
water and important community issues are of high importance to the overall profile of the 
Shire. 
 
2. Revisit Lake Grace: 
- It is suggested that a more in depth study is done on Lake Grace to gain a more 
accurate picture of people’s expectations and perceptions regarding water in the Shire. It 
is proposed that a greater number of people be surveyed to ensure you are receiving an 
even spread of the population when collating your data. Consideration should also be 
taken into designing questions that are more suited to statistical analysis if time permits. 
 
3. Determine each towns expectations for the RT-LA project: 
- It is of vital importance to ensure project team members are aware of the expectations of 
the council and community in relations to the outcomes they expect the project to 
deliver. We need to be conscious of these expectations to ensure each town is going to 
be happy with the final outcome. 
 
4. Community education and communication:  
- More communication is required in regards to the actual project objectives and what the 
project aims to deliver. Many participants from the survey who were aware of the RT-LA 
project all made mention of the fact that water was going to be pumped from under the 
townsite and that this water should be used to start more industries. I think it is important 
to make people aware that this is only a possibility and that not all towns will be pumping 
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groundwater. Education is also required to inform people of the differences between 
rising groundwater problems and salt being in the water.  
 
5. Further investigation into new water related industries: 
- More research needs to be done into the viability and sustainability of many of the water 
related industries. There is no point suggesting particular industries to residents if we are 
unsure as to whether they would work in the Shire. 
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8 List of Attachments Available in a Confidential Document 
 
#1 – Methodology for telephone interviews 
 
#2 – Protocol for phone survey 
 
#3 – Final copy of the Lake Grace questionnaire 
 
#4 – Information that was not determined in this preliminary study 
 
#5 – Lake Grace Shire Contacts 
 
#6 – Completed Lake Grace CEO questions  
 
#7 – Completed Lake Grace residential questions 
 
#8 – Completed Lake Grace industrial questions 
 
#9 – Appointment table 
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WORKSHOP OUTCOMES, LAKE GRACE SHIRE - 
29/6/2005 
PRIORITIES AND PREFERENCES 
1. Achieve water self-sufficiency for supplying parks, gardens, recreational areas.  
Do this by improving the reliability of local water supplies.  Achieve this by harvesting 
and storage of town stormwater and town catchment run-off.  Consider construction 
of a large new community dam. 
 
2. Implement a townsite flooding/waterlogging control project.   
Such a project should be integrated within the local Waste Water Treatment scheme 
to better capture surface water. 
 
3. Benefit-cost analysis to be carried out on all salinity & water management options to 
be carried out to enable shire/community to make informed decisions.  An analysis should 
quantify the damage costs. 
 
ISSUES: 
• Town population currently 650 and stable 
• Dewatering via pumping is a low community priority but still may be an effective 
salinity management strategy. 
• Investigate ways to increase local roaded catchment efficiency, including use of 
polymers? 
• New damsites in privately owned paddocks east and north of town are 
problematic due to resistance from local owners.  If necessary, Shire could resort 
to purchasing private land. 
• It was suggested catchment runoff patterns may be misrepresented and that they 
should be re-examined. 
• Household stormwater management should be encouraged (by Shire?). 
• There is potential to expand the Shire owned WWTP and use to irrigate oval.  
Combining with the stormwater reticulation system was suggested. 
• Hypersaline (16,000 mS/m) intrusions may result from dewatering. P. de Broekert 
to investigate and provide further comment. 
• Surface water / groundwater interactions are not clearly understood.  At one site 
there appears to be a groundwater anomaly. P. de Broekert to investigate and 
provide further comment. 
• The production bore was not installed to bedrock.  Subsequent test pumping 
produced only low yields.  Higher yields and better groundwater responses might 
be expected if the PB is replaced with a more substantial (deeper), bore. 
• The Shire has requested a 10 year maintenance program be included within the 
WMP. 
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SUMMARY OF RT-LA MEETING WITH LAKE GRACE SHIRE, 16 November 2005 
 (Mark Pridham notes) 
 
Present:  Chris Jackson (CEO), Garry Moulds (A/Works Manager), Cr. Ollie Farrelly, Naomi 
Duckworth (Lake Grace), Greg Power (DAWA, Lake Grace), Paul Leoni (DAWA, Lake 
Grace), Liz Kington (ACC), Rebecca Pulomo (ACC), Jeff Turner (RT-LA, CSIRO), Travis 
Cattlin (RT-LA, DAWA), Mark Pridham (RT-LA, DAWA). 
 
PROPOSED WORKS 
 
1. Existing Sports Dam – 67,000 Kl. 
1.1 Reconstruct inlet structure 
1.2 Reconstruct outlet structure 
 
Issue:  The Shire spent $45,000 this year on cleaning out and reconstructing temporary 
storage area in front of the dam.  The group revisited and inspected recent work. 
 
1.3 Increase yield and reliability of roaded catchment by: 
Option 1:  Double the roaded catchment area to 50 ha 
Option 2   Decrease catchment threshold from 15 mm down to 4 mm using enzymes 
to seal and bind 
 
 Suggested improvements should yield 35 ML/yr. 
 
ACTION:  T. Cattlin / D. Stanton to supply enzyme costings. 
 
2. Proposed New Dam 
To be supplied by natural catchment via a pump and sump system which could 
produce and additional 59 KL/yr.   
 
Features: 
 Higher capacity automatic pump 
 Upgraded culverts south of CBH to utilise all hard stand run-off 
 Location of dam in proposed site subject to landholder negotiations 
   
3. Waste Water Treatment Plant 
  System could be expanded with additional storage basin serviced with pump/sump 
system.  It was indicated that 60 ML was being or could be produced from the 
WWTP. 
 
  ACTION:  C. Jackson to supply any data from the consultant’s study and a copy of 
the SMEC report when available 
 
4. North Town Catchment Salinity Management Scheme 
 To re-direct or possibly capture runoff from paddocks immediately north of Lake 
Grace to alleviate flooding and waterlogging in the townsite. 
 
 ACTION:  T. Cattlin to provide revised specifications and costs plus harvesting and 
storage potential for this scheme.  It was unclear to what extent this scheme may be 
viable due to i) lack of suitable damsites  ii)  whether was sufficient runoff generated 
from this catchment area. 
 
 ACTION:  Shire will supply details of previously undertaken stormwater control work 
as a guide. 
 
WATER BALANCE 
DEMAND 
Townsite area irrigated by Shire:     50 ML/yr 
1 ha of school oval:        6 ML/yr  
TOTAL:         56 ML/yr 
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The exact water demand was uncertain. 
 
ACTION:  Chris Jackson to supply total watering areas + watering schedules. 
 
POTENTIAL SUPPLY 
A total supply figure of 65 ML was mentioned:    65 ML/yr 
 
GENERAL 
 Cr. Ollie asked about the level of Water Corporation involvement and questioned whether 
they should be more closely involved in the Lake Grace RT-LA project. 
 
 ACTION:  Shire to invite input from the Regional Water Corporation office. 
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APPENDIX C: SURFACE WATER MANAGEMENT 
1 Introduction 
 
This report cover surface water and the associated processes into the Rural Towns - Liquid 
Assets Project for Lake Grace. The report defines surface water problems (causes) and their 
associated management (treatment) which will be incorporated into the project Water 
Management Plan. Water management priorities and objectives introduced under the project are 
designed to investigate townsite salinity, develop water resources for sustainable water use 
throughout town and promote new water use options. The study area encompasses the townsite 
and the catchment area above and below town. A drilling project conducted throughout the town 
previously defined the groundwater status, salinity risk, groundwater modelling, flood risk 
analysis and introduced an ongoing monitoring program. This report introduces surface water 
assessment and management to support an entire town water balance and ultimately a town 
water management plan. 
 
2 Surface Water Processes (Research) 
Surface water processes encompass two aspects: run-off and subsurface flow component. Run-
off is derived from soil infiltration excess or soil saturation excess. Once rainfall falls upon the 
soil surface a proportion is infiltrated into the soil and the remainder is attributed to run-off. Run-
off can distribute across the landscape from metres to tens of metres. Once run-off enters valley 
landscapes it becomes streamflow. 
 
Subsurface flow is the portion of rainfall that infiltrated into the soil profile. If the soil profile has 
sufficient conductivity (porosity) and connectivity (permeability) that is water can move through 
the soil, and slope water will move downslope until a change in soil type or characteristic occurs. 
This is usually associated with the break of slope where the conductive top soil is removed and a 
less conductive soil emerges (Figure 1). At this point water will seep causing some form of land 
degradation (waterlogging or salinity). 
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Figure 1. Soil-landscape profile: Subsurface seepage process 
 
Run-off and stream flow can degrade the landscape if redistribution is not sufficiently controlled 
and any excess removed safely. Overland flow can become saline through two processes: 
accumulation of salt by passing over degraded saline soils or once inundated the water infiltrates 
into the soil and under capillary and evaporative pressure exfiltrates causing the remobilisation 
of salt towards the ground surface. Over time the soil and water resources become increasingly 
more saline. 
 
Lake Grace is dominated by surface run-off but has portions of the upper landscape that have 
enough permeability to promote localised subsurface seepage processes. Break of slope 
process is dominated by run-off processes. Water generated in the upper landscapes has high 
momentum and large volume due to slope. Once water exits the upper landscape and enters the 
landscape below the break of slope water loses momentum and volume due to a flattening 
slope. This results in inundation and poor drainage and is a management issue. The reason for 
this will be explained in the next section of this report. 
2.1 Catchment Analysis 
 
Lake Grace is in the low rainfall district with average rainfall of 325 mm. The townsite is located 
on the lower slopes in the upper tributary reaches of the internally drained Upper Lockhart 
catchment system. Townsite drainage discharges directly into Lake Grace where it would remain 
in most run-off events. The Upper Lockhart discharges into the Yenyening Lake system at 
Caroline Pass, where the Lockhart and Yilgarn catchments converge. Yenyening Lakes 
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discharge into the Avon at Yealering that eventually discharges into the Swan River estuary. The 
landscape location of Lake Grace dictates the surface water process. 
2.1.1  Landform 
 
Lake Grace townsite is located on the lower slopes.  The geomorphic features are gradational 
and aggraded (McDonald 1984). This means the landform position is depositional under run-off 
conditions.  This gradational feature is exaggerated by the presence of impervious surfaces 
around town. Impervious surfaces are any hard surfaces that will generate run-off in low rainfall 
volumes include surfaces like roads, curbing and roof tops.  The potential to generate high 
velocity flows are inhibited by low slope topography within the town’s valley floor complex that is 
associated with momentum loses described earlier.  
 
There are small potential seepage zones above the townsite that would have very local influence 
on water distribution. This is a minor management issue. Surface run-off is the critical 
management process. 
 
 
 
Figure 2. Slopes around townsite showing gentle slopes and flat valleys 
 
The surrounding landforms (Figure 3) are level to very gently incline slopes that have erosional 
surfaces. Streams are of a reticulated form with interrupted behaviour but convergent 
directionality. That is the streams have dissected flood plain landform that converge to form a 
dendritic or tree like pattern. Flow continuity in these landscapes is poor meaning flow 
momentum is reduced through a lack of channel definition.  Where channels have been 
constructed flow continuity is preserved allowing excess run-off to discharge.  The stream 
channels are erosional to alluvial with a shallow cross section. They are shallow and wide with 
evidence of erosion and deposition. Soils attributed to these landform descriptors will be 
described in the section. 
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Figure 3. Aerial view of Lake Grace showing contours and landforms 
 
 
 
Figure 4. Lake Grace topography with spot heights 
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2.1.2  Soil-landscapes 
 
The soil-landscape mapping produced by the Department of Agriculture at a scale of 1:100,000 
was completed in 2003. These units are shown in Figure 5 and described in Table 2. 
Management options throughout the catchment would aim at securing sites for new dams if 
required. Clays at depth greater than the soil-landscape unit description would be defined 
through dam siting drilling practices. 
 
The soil-landscape units from ridge to valley within the townscape play a role in describing the 
hydrological process. The soils on the town slopes comprise grey and yellow/brown duplex soils, 
usually alkaline, grey calcareous loamy earths and colluvial ironstone gravelly soils. Town valley 
portion comprises salt lake soils, saline clays and loams, calcareous loamy, saline loams and 
clays, calcareous loamy earths, salt lake soils and some sandy lunettes earths and alkaline grey 
shallow sandy duplexes. These soil configurations tend toward run-off as a primary process, 
although with minor seepage at a very local scale. The rainfall volumes and seepage would be 
limited therefore run-off is the dominant process that requires management.  
Table 1. Soil-landscape units for the Lake Grace catchments 
MU_SYMBOL MU_SUM_DESC 
250La_1 Chains of salt lakes (often large saline playas) and associated lunettes. Soils include salt lake soils, saline clays and loams, calcareous loamy earths and alkaline grey shallow sandy duplexes. 
250Nw_1 Flats and lower to mid slopes. Soils dominantly grey and yellow/brown duplex soils, usually alkaline, grey calcareous loamy earths and colluvial ironstone gravelly soils. 
259Dt_4 
Broad valley flats and narrow alluvial plains with mainly alkaline grey shallow duplex soils, saline 
wet soils, alkaline red shallow loamy duplex soils, red/brown non-cracking clays and calcareous 
loamy earths. 
259Kk_1 
Gravelly crests and slopes, at times extending down lower slopes. Deep sandy and loamy 
gravels, shallow gravels with minor sandy duplex soils, deep sands and sandy earths.  Heath and 
Mallee vegetation. 
259Kk_1s Sandy slopes and depressions in the Kukerin 1 subsystem.  Mainly pale deep and shallow sands with significant areas of gravelly pale deep sands and yellow deep sands. 
259Kk_2 
Gently undulating slopes on deeply weathered granite and colluvial parent materials forming 
alkaline grey shallow sandy and loamy duplex soils, grey deep and shallow sandy duplex and 
duplex sandy gravels. 
259Kk_4 Valley flats and narrow alluvial plains with mainly alkaline grey shallow sandy and loamy duplex soils and saline wet soils. 
259Cb_1 
Non-saline broad valley floors and alluvial plains.  Grey shallow sandy and loamy duplex soils, 
usually with alkaline subsoils, and yellow/brown sandy duplex soils. Salmon Gum-Wandoo 
woodland, Mallee scrub and samphire flats. 
259Dt_1 Gravelly crests and mid to upper slopes capping undulating rises and low hills.  Soils include shallow gravels, loamy gravels, deep sandy gravels and duplex sandy gravels. 
259Dt_2 
Lower to upper slopes and crests. Red calcareous loamy earths, alkaline red and grey shallow 
loamy duplex soils and grey sandy duplex soils, frequently with alkaline subsoils formed on 
weathered gneiss, dolerite and granite. 
259Dt_3 Footslopes and lower slopes with red calcareous loamy earths, alkaline grey shallow loamy duplex soils and loamy gravels. Gilgai microrelief is present at some sites. 
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MU_SYMBOL MU_SUM_DESC 
250Sh_2 
Level to very gently inclined plains, including some very gently inclined valley slopes.  Alkaline 
grey shallow sandy duplex soils, calcareous loamy earths, salt lake soils, pale deep sands and 
yellow/brown sandy duplex soils. 
250La_2 
Larger lunettes and dunes forming gently undulating plains, east of the large salt lakes in the 
Lagan 1 subsystem.  Soils are mainly grey calcareous loamy earths and alkaline grey shallow 
duplex soils.  Morrel and salmon gum. 
250Nw_2 Lower to upper slopes, broad crests and upland plains. Soils are mainly grey and yellow/brown sandy duplex soils, often alkalinewith hardsetting surfaces, and duplex sandy gravels. 
250Nw_3 Sand sheets and linear dunes forming low rises with pale deep sands, grey sandy duplex soils and alkaline grey shallow sandy duplex soils. 
250Nw_4 
Gently undulating to undulating, dissected, plain to gently undulating rises, and distinct lateritic 
breakaway areas.  Soils are dominantly shallow gravels, duplex sandy gravels and yellow/brown 
sandy duplex soils. 
250Nw_5 Gently undulating to undulating, dissected, plain to gently undulating rises similar to Newdegate 4.  Slopes are long with no lateritic breakaways and soils are gravelly. 
250Nw_6 Areas of significant rock outcrop including monadnocks, and sheet rock. Associated soils include stony soils, yellow/brown deep sandy duplex soils, deep sands and red soils. 
250Pg_2 Plains with occasional lunettes and dunes with alkaline grey sandy duplex soils, alkaline grey shallow loamy duplex soils and grey shallow sandy duplex soils. 
250Pg_3 Linear dunes, lunettes and sandplain.  Pale deep sands, grey deep sandy duplex soils, some with alkaline subsoils, and wet soils. 
250Pg_6 Level plains and stream channels.  Alkaline grey shallow sandy and loamy duplex soils and saline wet soils with grey shallow sandy duplex soils, grey and red/brown non-cracking clays. 
250Sh_4 Undulating mid to upper valley slopes.  Long slopes low relief. gravels on upland, heavier soils on slopes & valleys. 
250La_1lf Lunettes, dunes and swales associated with salt lakes within the Lagan 1 subsystem.  Soils are mainly saline loams and clays, calcareous loamy earths, salt lake soils and some sandy lunettes. 
250La_1sal 
Recently salinised alluvial plains not yet affected by Aeolian processes within the Lagan 1 
subsystem.  Soils are mainly saline wet soils with minor grey duplex soils and calcareous loamy 
earths. 
250La_1sl Large seasonally dry salt lakes within the Lagan 1 subsystem consisting of saline and gypsiferous clays and silts. 
250Nw_1a 
Lower slopes on low rises and dunes in the Newdegate 1 subsystem, east of the Lagan System.  
Soils formed in Aeolian deposits include calcareous loamy earths and alkaline grey shallow sandy 
duplex soils. 
259Kk_3u Irregularly undulating rises with silicified saprolite and minor granite forming grey sandy duplex soils, often with alkaline subsoils. 
250Sh_2f 
Alluvial plains of the Sharpe 2 Subsystem draining into large playa lakes (Lagan System).  Soils 
include alkaline grey shallow, and less often deep, sandy duplex soils and alkaline grey shallow 
loamy duplex soils. Salt lakes not present. 
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Figure 5. Soil -landscape mapping units 
2.2  Hydrological assessment 
 
The hydrological process, as described earlier, depends largely on topographic slope and soil 
type (infiltration process). This assumption can describe sufficiently how water distributes across 
the landscape, where the water discharges, where run-off is derived and how, where recharge 
potential exists and what are the salinisation consequence and process. Each of these questions 
is addressed.  
2.2.1  Water redistribution 
 
Lake Grace town catchment covers some 500 hectares with run-off generated from 
approximately 15% from impervious and 85% from pervious surfaces. Run-off water discharges 
through two pipe culverts south of the town. Water makes it way through a series of salt lakes 
until it reaches Lake Grace.  
Subsurface seepage has never been noted on a landscape scale. Run-off process is dictated by 
the break of slope (Figure 6). 
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Figure 6. Break of slope approximate position defined from anecdotal and contour interval 
2.2.2  Recharge process 
 
Recharge processes are synonymous with infiltration and water distribution. Lake Grace has 
soils prone to low infiltration rates therefore have a high probability of run-off and inundation 
resulting in deeper percolation of water and recharge, although this may not be the case if the 
underlying clays are impervious and the water table is deep. 
 
The water distribution process dictates where recharge occurs. If the water is inundating areas 
or flooding areas in-situ recharge is occurring. There are possibilities currently around the town 
landscape where inundation and in-situ recharge occur: Water generated off the local slopes 
inundates the town main street outside the Department of Agriculture and the Police station. This 
run-off requires management and will be discussed in the salinity management section. 
 
Hydrographs trends of the watertable have identical inflection points for both deep and shallow 
bores. The fluctuations in water level seasonally refect rainfall patterns and longer term trends 
are flat suggesting the system is at or close to equilibrium. Therefore fluctuations result from 
vertical movement of water rather than horizontal pressure changes (flows). This supports the 
recharge and degradation processes mentioned above. 
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2.2.3  Salinity risk assessment 
 
Land Monitor data presented in Figure 7 represents areas of the landscape at risk to salinity 
development. The red, orange and yellow colourings indicate areas where degradation is in 
existence. The purple/blue colouring represents a degradation risk and clearly maps the valley 
floor and outlines the areas where soils are at risk to salinisation. 
 
It can be clearly observed that where run-off momentum is lost and drainage is poor salinity 
development is accelerated. Low lying areas of the landscape are already saline and due to the 
soils being prone to salinity, water management into Lake Grace is paramount. 
 
 
 
Figure 7. Land Monitor salinity risk mapping 
 
Soil-landscape units that have been mapped as having low risk to salinisation are presented in 
Figure 8. Conversely soils that have been mapped as having a high risk of salinisation are 
shown in Figure 9. The soils are clearly above the break of slope and into the upper reaches of 
the catchment. Salinisation will rarely occur under uninterrupted surface water movement  
 
 C10
APPENDIX C: SURFACE WATER MANAGEMENT 
 
 
Figure 8. Soil-landscapes mapped as low risk of salinisation 
 
 
 
Figure 9. Soil-landscapes mapped as a high risk of salinisation 
 
Water distribution throughout the town and catchment if not managed and allowed to inundate 
particularly on areas below the break of slope have the ability to degrade the landscape. 
Management of salinity is paramount in delivering surface water effectively into the Lake Grace 
waterway for safe disposal. Drainage is poor although detention in small salt lakes impedes the 
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momentum of flow.  For the purpose of the next section water resources will be developed for 
irrigation therefore will be of a fresh water quality. Salinity management options will also be 
discussed. 
 
3 Water Management Plan (Management) 
The research sections have given a sound insight into where to find suitable fresh water 
resources and manage salinity. This section outlines currently available water resources, 
evaluates their effectiveness and describes appropriate resource and salinity management 
options. 
3.1  Town water resources 
 
This section describes the existing water resources for townsite irrigation.  
3.1.1  Current water storages 
 
Lake Grace currently available water resources for irrigation are 
1. Sports oval – 65,000 m3  
2. Sports Oval tanks – 202,000 litres 
3.1.2  Storage and deficiencies 
 
The engineering project team formed through Kellogg, Brown and Root Pty Ltd (KBR) will 
formulate the reliability of the sports oval dam and evaluate the management options described. 
 
Water Corporation data shown in Table 2 indicates the deficiencies that have been recorded in 
the townsite. This indicates that up to 30,000 KL is being used for townsite irrigation. This would 
be added to the stored water volume in the dam that will act as the demand estimate. The data 
used in this case is from the ‘other’ and ‘vacant land’ categories.  
Table 2. Water Corporation demand estimates for Lake Grace 
 Total Consumption Requested Period (KL) 
Land Use Class  2003 2004 Overall  
RESIDENTIAL 86,346 85,010 171,356 
COMMERCIAL 26,327 23,473 49,800 
OTHER 27,550 20,255 47,805 
FARMLAND 2,772 2,486 5,258 
VACANT LAND 122 329 451 
3.2  Water resource development 
 
Water resources require development because the Shire of Lake Grace is using Water 
Corporation scheme water to irrigate sporting facilities, parks and gardens. The aim of this 
project is to make irrigation water sustainable and develop water resources for new industries. 
The following options will develop this sustainable irrigation scenario. 
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3.2.1  Town/Sports Dam 
 
This is the main irrigation supply dam for Lake Grace sport grounds and parklands.  KBR will 
examine the deficiency issue with this dam depending on the following parameters: 
1. 65,000 m3 
2. demand 202,000 litres per day 35 mm/week (September–May) 
3. 4 hectares 
4. sprinkler timing needs quantification for pump and pipe specifications 
5. cost per annum $40,000 or ~30,000m3 
 
Once the demand storage and deficiency scenario is analysed the management options will be 
better quantified. They could be a combination of: 
1. Enlarge roaded catchment 
2. Enlarge dam 
3. Threshold treatment of roaded catchment 
- maintain surface/fix roaded catchment 
- add treatment like polymer sealant 
4. Dam and Catchment are fine 
 
The dam inlet and outlet structures require careful design and construction. 
 
 
Figure 10. Supply, demand and deficiency option for sports oval 
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3.2.2  Construct new dam utilising the sump and pump 
 
Build a new dam in the area, if dam site testing is successful, outlined in Figure 11. This dam 
would be supplied through townsite storm water harvesting and if the storm water harvesting is 
not reliable a roaded catchment. The storage size would depend on the engineering 
specification provided by KBR. 
 
Harvest storm water into the existing lined impermeable sump and pump into the new dam 
(Figure 11). Any overflow will enter the existing excavated channel into the Lake Grace Creek 
system. The existing sump could be expanded to the north to enhance storage capacity. Size 
increases can be given by KBR. 
 
 
 
Figure 11. Townsite water resources 
3.3  Salinity management 
The second management options for Lake Grace are to prevent damage caused by salinity. 
These options will manage the causal process to abate symptoms. 
3.3.1  Surface water management to remove excess water 
 
Considering most of the water generated throughout the town catchment is from pervious 
surfaces run-off will be termed surface water management. Redistribution of run-off water into 
the northern drainage line or through the sump area and into the southern drainages is the 
preferred option (Figure 12).  This will control flooding up to a 1:20 year rainfall event any event 
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of a higher volume and intensity will not be managed sufficiently to inhibit flooding, it will reduce 
the peak flow.  Run-off should be directed into the Lake Grace Creek or the sump and pump 
option for reuse. Inundation of run-off water below the break of slope will cause in-situ recharge 
conditions allowing the opportunity for groundwater rise and salinity. Careful planning and design 
of this system is required before construction of any works (KBR and Department of Agriculture). 
 
Lake Grace has existing work aimed toward a safe and effective drainage option for the 
townsite. Lowering specific roads to allow passage of flood waters is the only townsite 
management remaining. Stormwater drainage is extensive in the southern and eastern portions 
of town. The remainder of town is planned as in the first statement. 
 
 
 
Figure 12. Surface water management of slopes above the townsite 
3.3.2  Waterwise initiatives –tanks, natives, watering regimes 
 
Waterwise initiatives are a spin off from the Rural Towns Program and brochures are available 
to explain the full detail 
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4 Conclusions 
Water resources used for irrigation of the town parks and recreation ovals are depleted in most 
average rainfall summers. This signifies reliance on the reticulated water supply. The Shire and 
community have strongly supported and suggested that a sustainable water resource network 
be identified and implemented.  It is an imperative to prioritise actions that will develop 
sustainable water resources.  
 
1. Town circular sports dam – repair dam inlet structure and stabilise roaded catchment 
including a small scale trial of a sealing treatment to decrease the run-off threshold 
therefore increasing the reliability. 
- Test for new dam to increase storage 
- Construct an overflow for existing dam and new dam. 
2. Sump and pump operation - Increase the capacity of the sump and construct new dam. 
3. Increase the capacity for salinity and flooding response – construct flood detention or time 
of concentration graded banks above town and ensure flow continuity through town to the 
salt lake chain for evaporation (evaluate other water resources development options). 
4. Water reuse option – new dam to store effluent reuse waters particularly during the 
winter months where an excess of water is derived. 
 
These initiatives will be above the proposed project budget, and funding will need to be sought 
from other sources. 
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APPENDIX D: GEOPHYSICS 
1 Introduction and background 
It is important to understand the underlying geology of the rural towns that we are working on and 
especially the geometry of the underlying basement rocks and the regolith material that lies between 
bedrock and ground surface. This information is also important in understanding the hydrogeology of 
the towns.  
 
Geophysics has been used to provide information on the underlying geology. Geophysical method 
used was gravity as it is convenient and largely unaffected by cultural features in an urban 
environment. Further detail on the application of these methods is provided in Section 5. 
 
2 Objectives 
There were two primary objectives for the geophysical work at Lake Grace.  
• To determine the interface geometry between crystalline basement rock (hard rock) and overlying 
sediments  
• To locate and delineate any ancient inset valleys near the Lake Grace townsite. 
 
The information is required to assess water quality and potential yields of any subsurface water 
resources.  
3 Criteria for achieving objectives 
 
The criteria for meeting the objectives were that the geophysical surveys should be rapid, low cost and 
non-invasive.  
 
To meet the above objectives and criteria, a gravity survey was completed in and close to Lake Grace. 
The gravity method was used to rapidly determine gross basement geometry and to infer the location 
of the main tributary inset valleys at Lake Grace. 
 
4 Application of the Gravity method 
The Gravity method measures variations in gravity due to density contrasts in the earth and by 
measuring with high accuracy (about 1 part in 100 million) we can map detail in the underlying 
geology. The strength of the earth’s gravity field is approximately 980,000 mgals where 1 gal is an 
acceleration of 1 cm/sec/sec.  
 
Bouguer gravity is the name given to the gravity measurements after correction for all the non-
geological components of the field. 
 
Gravity measurements are made together with accurate GPS surveying to accuracy better than 5 cm 
in easting, northing and height above sea level. The resulting digital elevation data is a useful product 
in its own right and is used to add to the known survey data in the towns. 
 
A total of 551 gravity stations were measured in and close to Lake Grace in October 2004 by Haines 
Surveys under contract to CRC LEME. The stations were located on three approximately east-west 
lines and one approximately north-south line, at 25 m station spacing. Each measurement takes about 
3 minutes. Further detail on the logistics and survey operations are available in the Haines Surveys 
report listed in the references. 
 
Contour maps of Bouguer gravity and digital elevation data are included in Attachment 1. 
 
5 Presentation and interpretation of data 
Presentation of data is the most important aspect of this report. A series of pictures follow which show 
how significant aspects of the hydrogeology (i.e. basement topography) are interpreted from the 
geophysical data acquired.  
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5.1 Locality and Data 
 
Lake Grace is situated close to major surface drainage. Figures 1 and 2 show the 3D topographic 
setting of Lake Grace at different scales.   
 
 
 
Lake Grace townsite 
Figure 1. 3-D image showing Lake Grace town site draped over topography 
 
 
Figure 2. 3-D image showing topographic setting around Lake Grace. 
 
Locations of all gravity stations are shown in Figure 3.  
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Figure 3. Location of gravity stations (green dots 
5.2 Gravity images  
 
The Bouguer gravity acquired at Lake Grace has been imaged and is shown in Figure 4.  
 
 
 
Figure 4. Bouguer gravity image for Lake Grace 
 
The relative gravity lows can be broadly related to depressions in crystalline basement. These 
probable basement depressions are shown in Figure 5. The axes of these lows are marked in black on 
the image below and arrows are provided to show the locations of the depression. The general 
basement topography is relatively well delineated by gravity.  
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It should be stated that significant variations in density within basement could also affect the Bouguer 
image.  However in general the most significant variation in density is expected to be between 
weakly/unconsolidated sediment and crystalline basement. 
 
Although there are three clear relative gravity lows, it is the central low that is most likely to reflect the 
major tributary inset valley running broadly north-south beneath Lake Grace. 
 
 
 
Figure 5  Bouguer gravity image.  Colour bar is Bouguer gravity in mgals. The orientation of Bouguer 
gravity lows are marked in black. The Bouguer gravity highs (basement highs) are seen as 
red. 
 
Figure 6 provides the gravity image with a section view taking along the most northern gravity line. The 
basement lows have been numerically modelled to provide the basement geometry shown below.  
 
Figure 7 provides the gravity image draped over three dimensional topography. Notice how the central 
gravity low broadly coincides with topographic relief.  
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Topography 
Basement Shape 
Bouguer Gravity Profile 
 
Figure 6.  Bouguer gravity image with insert showing gravity profile showing basement shape 
 
 
 
Figure 7. 3D image of gravity and aerial photography draped on topography 
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6 Major findings 
The gravity method clearly delineated basement depressions running north-south below Lake Grace 
townsite. The general subsurface shape of these probable basement depressions has been illustrated.  
 
A clear gravity low located below the salt lakes west of Lake Grace is likely to represent the trunk 
subsurface drainage (paleochannel) adjacent to Lake Grace.  
 
A series of images have been provided to illustrate the major findings. 
 
In summary, gravity was used to rapidly determine basement geometry and likely locations of both 
trunk and tributary inset valleys (paleochannels) beneath and adjacent to Lake Grace.   
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Attachment 1 
Contour maps of Bouguer gravity and digital elevation data for Lake Grace 
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APPENDIX E: GROUNDWATER 
Summary 
A small-scale hydrogeological investigation was carried out in the Lake Grace townsite during March 
2005 in order to follow-up on a more extensive drilling program conducted in 2000.  Two deep bores 
were installed alongside existing shallow and intermediate bores in the northern part of town and a 
nest composed of a deep and shallow bore was installed in the southern part of town.  Apparent 
electrical conductivity and gamma logs were also obtained for 15 of the deepest holes drilled during 
2000. 
Fresh bedrock was reached between 40 and 60 m below ground level in the new bores.  This is 20-30 
m more than interpreted to have been the case during the 2000 drilling program, indicating that the 
older bores terminated in weathered rather than fresh bedrock.  Two of the three new deep bores 
intersected an appreciable thickness (10 m) of highly permeable grit material immediately above fresh 
bedrock, which had not been encountered previously because of the limited depth of the bores drilled 
during 2000.  Up to 2 L/s of hyper-saline water was obtained by air lifting from the grits, which is about 
an order of magnitude greater obtained by pumping from a production installed during 2000 that was 
slotted in the overlying , much less permeable, granitic saprolite.  The results of the 2005 drilling 
indicate that groundwater pumping may be an effective means of lowering the watertable at Lake 
Grace, provided the production bore is properly sited and sufficiently deeply drilled to intersect a 
substantial thickness of the basal grit aquifer. 
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1.  Introduction and background 
A small-scale hydrogeological investigation, comprising geophysical logging of 15 existing deep bores, 
drilling of one nest of deep and shallow bores and drilling of two deep bores adjacent to existing 
intermediate and shallow bores, was completed in the Lake Grace townsite by the Department of 
Agriculture during March 2005 as part of the Rural Towns - Liquid Assets project.  The work was 
undertaken to follow-up on a more extensive hydrogeological investigation conducted in the townsite 
during June-July 2000 as part of the Rural Towns - Community Bores II project (Addison 2001). 
The purpose of this report is to document the results of the 2005 drilling and geophysical logging 
program, and to use this information to update earlier interpretations of the townsite hydrogeology 
presented by Addison (2001).  For an introduction to the hydrogeology of Lake Grace, as well as 
background information regarding the geomorphic, geologic, climatic and hydrologic setting of the 
townsite, the reader is referred to Addison (2001). 
2. Methods 
2.1 Drilling and bore construction 
Two deep holes, termed 05LG12D and 05LG14D, were drilled alongside existing intermediate and 
shallow bores within the northern part of Lake Grace in order to provide information on the depth to 
fresh bedrock and regolith permeability in that area.  A pair of deep and shallow bores, termed 
05LG17D and 05LG17S, was also drilled in the southern part of town in order to investigate the extent 
and permeability of a southward-thickening wedge of sediments identified during the previous drilling 
program (Addison 2001).  The positions of the new and existing bores at Lake Grace are shown in 
Figure 2-1. 
Drilling was performed by Great Southern Drilling Pty Ltd using a reverse circulation air-core core rig 
equipped with a 800 cfm/200 psi compressor and a 122 mm (5 inch) blade bit.  The deep holes 
(05LG12D, 05LG14D, 05LG17D) were drilled to fresh bedrock whereas the shallow bore (05LG17S) 
was drilled to about 4 m depth.  Drill samples were collected from the cyclone at 1 m intervals, 
described and then sub-sampled into plastic chip trays, which are stored at the Department of 
Agriculture in South Perth. 
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Figure 2-1. Lake Grace townsite with location of boreholes (2 metre topographic contours shown in 
black lines) 
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All bores were cased with 1 mm-aperture, machine-slotted 50 mm CL9 PVC at their base followed by 
blank 50 mm CL9 PVC extending to about 0.5 m above the land surface.  The casing was inserted 
down the drill string to ensure that the slotted sections were installed at the correct depths.  In the 
case of the deep bores, 12-20 (0.7-2.0mm diameter) gravel pack was used to fill the anulus from the 
base of the slotted section to the top of the aquifer, which was then isolated from the surface by about 
7 m of cement grout in order to form a piezometer.  The shallow bore, by contrast, was constructed as 
an observation bore by backfilling the entire anulus with 12-20 gravel pack.  Lockable metal 
standpipes were used to protect the PVC casing where it extended above the land surface.  The 
standpipes were embedded in a concrete collar, which also prevented surface water from entering the 
holes.  Lithological logs and construction details of the bores are presented in Attachment 1. A list of 
the full complement of piezometers and observation bores at Lake Grace is presented in Table 2.1. 
Following installation of the metal standpipes, those bores which produced sufficient water (deep 
bores only) were developed by air lifting until the water was reasonably clear and free of sand.  After 
this was achieved, an estimate of yield was made by measuring the time required to fill a 100 L plastic 
drum.  Measurements of water level, electrical conductivity (EC) and pH were made for all bores at 
Lake Grace on 23/8/2005. 
2.2 Re-logging of existing boreholes 
Samples of drill spoil taken at 1 m intervals during the 2000 drilling program were transferred from 
plastic bags stored at South Perth into plastic chip trays.  Lithological descriptions of the drill samples 
were then made using a binocular microscope in order to resolve differences in interpretations of the 
regolith stratigraphy (particularly the depth to fresh bedrock) produced by Addison (2001) and that 
resulting from the 2005 drilling program.  The lithological descriptions of the samples obtained during 
both the 2000 and 2005 drilling programs are presented in Attachment 2. 
2.3 Geophysical logging 
Fifteen of the deep boreholes drilled at Lake Grace during 2000 were logged using the Department of 
Agriculture’s Geonics EM39 instrument in order to provide additional information on regolith 
stratigraphy and electrical conductivity (salinity).  Two probes were used; firstly, a frequency domain 
electromagnetic probe which measures the bulk or “apparent” electrical conductivity (ECa) of the earth 
materials surrounding the borehole, and secondly a natural gamma probe which measures the 
amount of gamma radiation produced principally by the radioactive decay of potassium-bearing 
minerals, such as feldspar and mica, present in the earth materials surrounding the borehole.  For 
both instruments, measurements were taken at 10 cm intervals travelling up and down the borehole.  
Plots of the ECa and gamma logs obtained at Lake Grace are presented in Attachment 3. 
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Table 2-1. Construction, water depth and water quality details for bores at Lake Grace 
Location 
(MGA94) 
Collar RL
(AHD) 
Depth
drilled 
Slotted 
interval 
top        bottom 
Static 
water 
level$
EC$ pH$Bore 
name 
(mE) (mN) (m) (mbgl) (mbgl) (mbgl) (mS/m)  
00LG01D 637152 6336093 285.04 32.00 30.00 32.00 1.81 11970 5.8 
00LG01M 637152 6336093 285.04 6.00 4.00 5.71 1.36 6180 6.3 
00LG02D 636559 6336197 284.54 38.00 35.50 37.50 3.79 19540 6.0 
00LG02M 636559 6336197 284.55 6.00 4.00 5.70 2.13 8460 6.7 
00LG03D 636304 6336124 284.46 29.00 27.00 29.00 2.99 14750 5.9 
00LG03M 636304 6336124 284.46 6.00 4.00 5.65 2.24 6970 6.1 
00LG04I 636072 6336239 286.88 12.00 10.00 12.00 4.83 7510 5.4 
00LG04M 636072 6336239 286.88 6.00 4.00 5.61 4.73 5070 6.7 
00LG05I 635894 6336422 286.15 12.00 10.00 12.00 4.28 6270 6.7 
00LG05M 635894 6336422 286.20 6.00 4.00 5.46 4.28 5980 6.8 
00LG06D 637046 6336594 287.48 30.00 28.00 30.00 4.02 11850 6.4 
00LG06M 637046 6336594 287.48 6.00 4.00 5.69 3.27 1871 5.9 
00LG07D 637193 6336863 290.74 38.00 36.00 38.00 5.9 11770 6.1 
00LG07M 637193 6336864 290.72 6.00 4.00 5.61 5.17 5010 6.3 
00LG08D 636899 6336383 284.03 28.00 26.00 28.00 1.5 16060 6.3 
00LG08I 636898 6336382 284.05 12.00 10.00 11.66 0.58 8930 6.8 
00LG08M 636898 6336382 284.03 6.00 4.00 5.70 0.61 8340 6.4 
00LG09D 636883 6336383 284.25 28.00 25.00 27.00 1.4 14080 6.9 
00LG09M 636883 6336384 284.23 6.00 4.00 5.68 0.83 7700 5.7 
00LG10D 636913 6336397 284.38 28.00 26.00 28.00 1.32 13170 6.2 
00LG10I 636913 6336396 284.39 12.00 10.00 11.65 0.89 9350 6.1 
00LG10M 636914 6336397 284.40 6.00 4.00 5.52 0.86 8520 6.1 
00LG11D 636915 6336412 284.51 28.00 26.00 28.00 1.73 14640 6.6 
00LG11M 636914 6336412 284.51 6.00 4.00 5.58 0.95 7730 6.3 
05LG12D* 636507 6336466 285.13 39 32.90 38.90 4 16590 6.1 
00LG12I 636507 6336466 285.13 12.00 10.00 12.00 2.64 6300 6.2 
00LG12M 636507 6336466 285.13 6.00 4.00 5.32 1.15 1681 7.5 
05LG13D* 636681 6336610 285.10 60 56.00 58.00 4.78 20900 5.9 
00LG13I 636681 6336610 285.09 12.00 10.00 12.00 2.31 10700 5.8 
00LG13M 636681 6336610 285.10 6.00 4.00 5.61 2.09 1880 6.7 
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Location 
(MGA94) 
Collar RL
(AHD) 
Depth
drilled 
Slotted 
interval 
top        bottom 
Static 
water 
level$
EC$ pH$Bore 
name 
(mE) (mN) (m) (mbgl) (mbgl) (mbgl) (mS/m)  
00LG14I 636424 6336616 286.15 12.00 10.00 12.00 3.83 7990 4.1 
00LG14M 636425 6336616 286.15 6.00 4.00 5.36 1.64 2610 6.5 
00LG15I 636893 6336794 287.73 12.00 10.00 12.00 4.35 8740 5.9 
00LG15M 636894 6336794 287.73 6.00 4.00 5.53 4.49 5600 3.4 
00LG16I 637477 6336322 292.09 12.00 10.00 12.00 5.86 2590 6.6 
00LG16M 637477 6336322 292.12 6.00 4.00 5.64      
05LG17D* 636637 6336335 284.55 54 52.00 54.00 3.25 20200 6.0 
05LG17S* 636637 6336335 284.55 4.2 2.20 4.20 1.24 6930 6.5 
00LGPB1 636914 6336382 284.13 25.00 0.30 24.33 0.5 8910 6.3 
LGAGWEST 636636 6336561 284.98 11.00  10.95 2.21 9610 6.1 
LGINFOBD 637383 6336623 292.11 21.20  21.17 5.75 4100 6.2 
LGINFOBS 637390 6336623 292.20 5.70  5.61      
LGPKBAYD 635485 6336577 283.81 11.70  11.65 2.48 8670 4.7 
LGPKBAYS 635480 6336573 283.67 2.70  2.65 2.43 7880 6.9 
LGSHIRED 636071 6336608 287.13 17.75  17.74 5.47 10220 6.0 
LGSHIRES 636067 6336609 287.18 7.10  7.08 5.27 5680 5.6 
* Location data approximate; $ Water level, EC and pH data for 23/8/05. 
3. Results 
3.1 Bore sample descriptions and regolith stratigraphy 
Fresh granitic bedrock was intersected at 39 m in 05LG12D , 59.5 m in 05LG13D, and 54.5 m 
05LG17D (Attachment 1).  These depths are 10-30 m greater than reported by Addison (2001) for 
other deep bores in the area, indicating that the deep bores drilled during the 2000 drilling program 
terminated within weathered bedrock and did not reach fresh bedrock, as reported by Addison (2001).  
The cause for the true depth to bedrock not having been reached during 2000 probably relates to the 
occurrence of thin layers of fairly fresh granite within the weathering profile at depth, with each of 
these layers creating a “false bottom” to the regolith sequence (Attachment 1).   
Importantly, most of the new deep bores intersected a substantial thickness of permeable “grit” 
produced by intense fracturing and disaggregation of the granitic bedrock at the base of the 
weathering profile.  The thicknesses of grit intersected were 9 m in 05LG13D, 7 m in 05LG12D, and 2 
m in 05LG17D.  Re-logging of the exiting drill spoil (Attachment 2) indicates that the only bore to have 
been drilled to fresh bedrock (and hence being deep enough to intersect the permeable grit aquifer) 
during the 2000 drilling program was 00LG02D.  This bore reached fresh granite at 37 m, but did not 
intersect any of the grit aquifer material. 
A contour map of the depth to fresh bedrock at Lake Grace, constructed from the limited borehole 
data and the ground-based gravity survey is presented in Figure 3-1.  Three parallel zones of 
particularly high depth to fresh rock can be recognised.  As indicted by the wave-like pattern of the 50 
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m depth to bedrock contour (Figure 3.1), the zones are oriented in a north-south direction and 
increase in depth to the north.  The thickness of grit, shown as circled numbers in Figure 3.1, appears 
to correlate with the bedrock topography with the greatest thickness of grit occurring in the centre of 
the bedrock lows. 
Also shown in Figure 3-1 are contours of the depth to the base of the sedimentary cover.  The 
sediments dominantly thicken in a westerly direction away from the valley side towards the valley floor, 
but in the valley floor area also thicken to north and south thereby revealing a broad weathered 
bedrock high oriented in an east-west direction beneath the townsite.  As shown in Figure 3-1, the 
bedrock high is also reflected as a subdued ridge in the land surface topography.   
The sedimentary cover contains a moderately thick layer of sand Attachment 2), the depth and 
thickness of which also appears to increase to the north and south of the townsite, similar to the total 
thickness of sediments.  The sand is medium- to coarse-grained and likely to be of moderate to high 
permeability.  However, an overlying layer of low permeability clay separates the sand from the 
watertable, reducing the effectiveness of pumping or draining water from the sand as a method of 
lowering the watertable. 
3.2 Bore water yields 
Open hole (uncased) water yields for the deep holes drilled during 2005 were 2 L/s for 05LG12D, 
1.6 L/s for 05LG13D and 0.25 L/s for 05LG17D.  The yields vary in direct proportion to the thickness of 
grit intersected by each bore, although in the case of 05LG13D a substantial quantity of water was 
also produced by quartz veins in the granitic saprolite.  Much lower water yields were produced by the 
deep and intermediate bores drilled during 2001, owing to their limited depth.  The production bore 
(00LGPB1), for example, was pump tested at 0.24 L/s, which is probably about an order of magnitude 
less than could have been achieved if the bore had been drilled and cased to fresh bedrock.  
The yield of the only shallow hole (05LG17S) drilled during 2005 was too low to be measured by 
airlifting.  This reflects the high clay content and low permeability of the near surface materials against 
which the bore was slotted (Attachment 1).   
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Figure 3-1.  Contours of depth to fresh bedrock and to base of sedimentary cover at Lake Grace 
(borehole positions and gravity station locations also shown) 
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3.3 Bore water levels 
Table 2-1 shows the standing water levels in all of the bores at Lake Grace as measured at 23/8/2005.  
A contour plot of the depth to water in the shallow bores (i.e. watertable level) for the same date is 
shown in Figure 3-1.  The watertable depth is strongly topographically controlled, ranging from greater 
than 6 m beneath the eastern part of town which is located on the valley side, to 1-3 m beneath the 
central and far western parts of town which are located over the valley floor.  A slightly higher depth to 
water occurs beneath a subtle topographic high located at the western end of the town. 
Differences in water levels between deep and shallow holes indicate that vertical hydraulic gradients 
beneath the Lake Grace townsite are dominantly downwards (Table 2-1).  This probably reflects the 
slightly higher elevation of Lake Grace compared to adjacent parts of the valley floor, but may also 
relate to high rates of groundwater discharge from surface of Lake Grace (salt lake). 
3.4 Bore water quality 
The EC of water from the three deep bores (piezometers) installed during 2005 at Lake Grace ranges 
from about 16,500 mS/m in 05LG12D to about 20,000 mS/m in 05LG13D and 05LG17D.  This is 
substantially higher than the EC of water from the shallower bores drilled during 2000 (Table 2-1), 
indicating that groundwater salinity increases markedly with depth.  The increase in salinity with depth 
beneath the Lake Grace townsite is probably caused by the penetration of a wedge of dense, hyper-
saline groundwater that originates from the nearby Lake Grace salt lake.  
3.5 Bore geophysical logs 
Apparent electrical conductivity and gamma logs for 15 of the deepest holes drilled at Lake Grace 
during 2000 are presented in Attachment 3.  Changes in the texture (grain-size) of the sedimentary 
cover are poorly resolved by the gamma logs, although some of the sand layers produce a 
characteristically low gamma response (e.g. 00LG01D).  The origin of very high gamma responses at 
depth in some bores (e.g. 00LG02D, 00LG09D) is uncertain, but is probably associated with zones of 
weathered mafic rock interleaved within the weathered granite, as was found to occur in 05LG12D 
(Attachment 1).   
Lithological changes are on the whole more clearly resolved by the apparent electrical conductivity 
logs.  The saprolite, in particular, has a very high ECa (1000-1700 mS/m) resulting in the development 
of a bulge-shaped profile (e.g. 00LG06D, 00LG07D, 00LG08D).  The increase in groundwater salinity 
with depth inferred from the water quality data does not, therefore, appear to be evident in the ECa 
profiles.  This is probably because the wedge of dense, hyper-saline water at depth is separated from 
the shallow, less saline water by a sharp contact which is lower in elevation than the base of the 
boreholes logged by the EM39 instrument. 
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Figure 3-2.  Contours of depth to water in observation bores at Lake Grace as measured at 23/8/2005  
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4. Conclusions 
A small-scale hydrogeological investigation was carried out in the Lake Grace townsite during March 
2005 in order to follow-up on a more extensive drilling program conducted in 2000.  Two deep bores 
were installed alongside existing shallow and intermediate bores in the northern part of town and a 
nest composed of a deep and shallow bore was installed in the southern part of town.  Apparent 
electrical conductivity and gamma logs were also obtained for 15 of the deepest holes drilled during 
2000. 
Fresh bedrock was reached at between 40 and 60 m below ground level in the new bores.  This is 20-
30 m more than interpreted to have been the case during the 2000 drilling program, indicating that the 
2000 bores terminated in weathered rather than fresh bedrock.  Two of the three new deep bores 
intersected appreciable thickness of highly permeable grit material immediately above fresh bedrock, 
which had not been encountered previously because of the limited depth of the bores drilled during 
2000.  Up to 2 L/s of hyper-saline water was obtained by air lifting from the grits, which is about an 
order of magnitude greater obtained by pumping from a production installed during 2000 that was 
slotted in the overlying , much less permeable, granitic saprolite.  The results of the 2005 drilling 
indicate that groundwater pumping may be an effective means of lowering the watertable at Lake 
Grace, provided the production bore is properly sited and sufficiently deeply drilled to intersect a 
substantial thickness of the basal grit aquifer. 
5. Reference 
Addison, D. (2001) Groundwater study of the Lake Grace townsite.  Resource Management Technical 
Report 212, Department of Agriculture, Western Australia. 
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Attachment 1:  Borehole logs 
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Attachment 2: Borehole sample descriptions 
00LG01D 
0-6 Sandy clay; grey, coarse quartz sandy clay 
6-11 Clayey sand; light grey clayey coarse quartz sand 
11-13 Sandy clay; grey, coarse quartz sandy clay 
13-14.5 Sand; grey, medium quartz sand 
14.5-26 Granitic Saprolite; white to light green, coarse quartz sandy kaolin clay 
26-30 Granitic Saprock; brown, clayey coarse to very coarse, biotite, feldspar and quartz sand (crushed 
rock) 
30-32 Granitic Saprock; friable chips of light brown, coarse grained, granite (fresh bedrock not reached) 
 
00LG02D 
0-2 Sandy clay; red, coarse quartz sandy clay 
2-10 Clay; light grey, clay; crumbly (grainy) at base 
10-15 Sandy clay; white to yellow to red upwards, medium quartz sandy clay 
15-16 Clayey sand; light grey, clayey medium sand 
16-17 Slightly clayey sand; light yellow, slightly clayey coarse quartz sand 
17-19 Clayey sand; light yellow, clayey medium sand 
19-20 Sandy clay; white medium quartz sandy clay 
20-21 Slightly clayey sand; light yellow, slightly clayey coarse quartz sand 
21-24 Granitic Saprolite; white, very coarse quartz sandy kaolin clay 
24-37 Granitic Saprock; friable chips of brown to white upward, coarse grained, foliated granite; feldspar 
and biotite becoming strongly weathered 
37-38 Granite; fresh, light brown to grey, coarse grained, granite 
 
00LG03D 
0-1 Sandy clay; light grey medium quartz sandy clay 
1-9 Clay; light grey clay 
9-19 Granitic Saprolite; white, very coarse quartz sandy kaolin clay; red (mottled) at 13-14 & 17-19 m 
19-24 Granitic Saprock; brown, clayey medium to coarse, biotite, feldspar and quartz sand (crushed rock) 
24-29 Granitic Saprock; friable chips of granite, feldspar weakly to moderately kaolinised, biotite preserved 
(fresh bedrock not reached) 
 
00LG04I 
0-1 Sandy gravel; coarse quartz sandy granitic rock fragment gravel 
1-4 Sandy clay; light to red, coarse quartz sandy clay 
4-9 Clay; light grey, clay 
9-10 Clayey sand; light grey, clayey coarse quartz sand 
10-12 Clay; light grey, clay 
 
00LG05I 
0-1 Sandy clay; light grey, coarse quartz sandy clay 
1-2 Sand; light red, medium to coarse quartz sand 
2-8 Sandy clay; light grey, coarse quartz sandy clay 
8-9 Silcrete; brown, strongly silicified, clayey coarse quartz sand 
9-12 Clayey sand; white to light red, clayey coarse quartz sand 
 
00LG07D 
0-1 Sandy clay; red, medium quartz sandy clay 
1-3 Clay; red, indurated, clay 
3-4 Clayey sand; white, clayey medium sand 
4-35 Granitic Saprolite; white, very coarse quartz sandy clay 
35-38 Granitic Saprolite (Si); white to light green, strongly silicified, granitic saprolite (fresh bedrock not 
reached) 
 
00LG08D 
0-4 Slightly sandy clay; light grey to red, slightly coarse quartz sandy clay 
4-18 Granitic Saprolite; brown to white to light grey/green upwards; coarse quartz sandy clay 
18-20 Granitic Saprock; light green to brown, clayey medium to coarse, biotite, feldspar and quartz sand 
(crushed rock) 
20-24 Granitic Saprock; friable chips of granite, feldspar weakly to moderately kaolinised, biotite preserved 
24-26 Quartz-biotite rock; fine-grained  
26-28 Granitic Saprock; consolidated chips of granite (fresh bedrock not reached) 
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00LG09D 
0-4 Slightly sandy clay; light red, slightly coarse quartz sandy clay 
4-17 Granitic Saprolite; brown to green to white to light grey/green upwards; coarse quartz sandy clay 
17-22 Granitic Saprock; brown, clayey medium to coarse, biotite, feldspar and quartz sand (crushed rock) 
22-27 Granitic Saprock; friable chips granite, feldspar weakly kaolinised, biotite preserved, wet & sandy 
(crushed) at 25-26 m  
27-28 Quartz-biotite rock; fine-grained (fresh bedrock not reached) 
 
00LG11D 
0-4 Slightly sandy clay; light brown, slightly coarse quartz sandy clay; occasional detrital Fe nodules 
4-15 Granitic Saprolite; brown to green to white to light grey/green upwards; coarse quartz sandy clay 
15-24 Granitic Saprock; brown, clayey medium to coarse, biotite, feldspar and quartz sand (crushed rock) 
24-28 Granitic Saprock; friable chips of granite, feldspar weakly kaolinised, biotite preserved (fresh bedrock 
not reached) 
 
05LG12D 
0-7 Clay; light grey/green, plastic, clay; occasional detrital Fe nodules at surface; calcrete nodules at 2-3m 
7-17 Granitic Saprolite (Si); white, coarse quartz sandy clay; strongly silicified around quartz veins at 8-12m 
17-20 Mafic Saprolite; brown/khaki to light green clay 
20-24 Granitic Saprolite; white, coarse quartz sandy clay 
24-26 Mafic Saprolite; brown/khaki to light green, micaceous clay 
26-30 Granitic Saprock; light brown, very angular, clayey very coarse to granule quartz, feldspar and granitic 
rock fragment sand 
30-32 Mafic Saprolite; brown/khaki to light green, micaceous clay 
32-39 Granitic Grit; light brown, very angular, very coarse to granule quartz, feldspar and granitic rock 
fragment sand (crushed rock) 
39-39.5 Granite; fresh/well consolidated, fine to coarse grained, biotite granite 
 
05LG13D 
0-5 Clay; light grey/green, plastic, clay 
5-7 Sand; white, sub-rounded, fine to medium quartz sand; moderately silica cemented at 6.5-7 
7-10 Slightly clayey sand (Fe, Si); white to dark red, weakly silica cemented, slightly clayey medium quartz 
sand; strongly Fe cemented at 7-8m  
10-25 Granitic saprolite; white, coarse quartz sandy clay; strongly Fe cemented at 10-11m 
25-59 Granitic Saprock/Grit; green, clayey coarse quartz, feldspar and granitic rock fragment sand; grit layers 
at 31-32, 40-41, 45-46, 47-49, 51-53, 57-59m; weakly consolidated granite layers at 30-31, 33-34, 
39-40, 41-45, 46-47, 50-51, 54-56m 
59-59.5 Granite; fresh/well consolidated, fine to coarse grained, biotite granite 
 
00LG14I 
0-3 Sandy clay; light brown, coarse quartz sandy clay; occasional detrital Fe nodules at surface 
3-6 Clay; light grey/green clay 
6-12 Granitic Saprolite; white to light grey/green upwards; coarse quartz sandy clay 
 
00LG15I 
0-4 Sandy clay; light brown/red, coarse quartz sandy clay; occasional calcrete nodules at surface 
4-12 Granitic Saprolite; white, coarse quartz sandy clay; locally strongly ferruginised and silicified 8-10 m 
 
00LG16I 
0-3 Ferruginous saprolite; red, nodular-structured, ferruginised coarse quartz sandy clay 
3-12 Granitic Saprolite; white, coarse quartz sandy clay 
 
05LG17D 
0-2 Sand; light red, fine to medium quartz sand; locally calcareous cemented (calcrete) 
2-3 Clay; light green/grey, plastic, clay 
3-7 Sandy clay; light grey, coarse quartz sandy clay 
7-12 Clayey sand; white to light grey, clayey medium to coarse quartz sand; weakly silica cemented at 10-
12m 
12-16 Sand; light grey, medium to coarse quartz sand 
16-19 Clayey sand; light grey/brown, clayey coarse quartz sand 
19-27 Granitic saprolite; white, coarse quartz sandy clay 
27-54 Granitic Saprock/Grit; green, clayey coarse quartz, feldspar and granitic rock fragment sand; grit 
layers at 48-49, 53-54m 
54-54.5 Granite; fresh/well consolidated, coarse grained, granite 
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Attachment 3:  Apparent electrical conductivity and 
gamma logs. 
Units 
 
ECa mS/m 
Gamma api 
Lithological legend 
 
C clay 
sC sandy clay 
cS clayey sand 
(c)S slightly clayey sand 
S sand 
sG sandy gravel 
Grn fresh fresh granite 
Grn grit granitic grit 
Grn spk granitic saprock 
Grn spl granitic saprolite 
Grn lat granitic lateritic gravel 
Maf fresh fresh mafic rock 
Maf spk mafic saprock 
Maf spl mafic saprolite 
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Summary 
A small-scale hydrogeological investigation was carried out in the Lake Grace townsite during March 
2005 in order to follow-up on a more extensive drilling program conducted in 2000.  Two deep bores 
were installed alongside existing shallow and intermediate bores in the northern part of town and a 
nest composed of a deep and shallow bore was installed in the southern part of town.  Apparent 
electrical conductivity and gamma logs were also obtained for 15 of the deepest holes drilled during 
2000. 
Fresh bedrock was reached between 40 and 60 m below ground level in the new bores.  This is 20-30 
m more than interpreted to have been the case during the 2000 drilling program, indicating that the 
older bores terminated in weathered rather than fresh bedrock.  Two of the three new deep bores 
intersected an appreciable thickness (10 m) of highly permeable grit material immediately above fresh 
bedrock, which had not been encountered previously because of the limited depth of the bores drilled 
during 2000.  Up to 2 L/s of hyper-saline water was obtained by air lifting from the grits, which is about 
an order of magnitude greater obtained by pumping from a production installed during 2000 that was 
slotted in the overlying , much less permeable, granitic saprolite.  The results of the 2005 drilling 
indicate that groundwater pumping may be an effective means of lowering the watertable at Lake 
Grace, provided the production bore is properly sited and sufficiently deeply drilled to intersect a 
substantial thickness of the basal grit aquifer. 
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1.  Introduction and background 
A small-scale hydrogeological investigation, comprising geophysical logging of 15 existing deep bores, 
drilling of one nest of deep and shallow bores and drilling of two deep bores adjacent to existing 
intermediate and shallow bores, was completed in the Lake Grace townsite by the Department of 
Agriculture during March 2005 as part of the Rural Towns - Liquid Assets project.  The work was 
undertaken to follow-up on a more extensive hydrogeological investigation conducted in the townsite 
during June-July 2000 as part of the Rural Towns - Community Bores II project (Addison 2001). 
The purpose of this report is to document the results of the 2005 drilling and geophysical logging 
program, and to use this information to update earlier interpretations of the townsite hydrogeology 
presented by Addison (2001).  For an introduction to the hydrogeology of Lake Grace, as well as 
background information regarding the geomorphic, geologic, climatic and hydrologic setting of the 
townsite, the reader is referred to Addison (2001). 
2. Methods 
2.1 Drilling and bore construction 
Two deep holes, termed 05LG12D and 05LG14D, were drilled alongside existing intermediate and 
shallow bores within the northern part of Lake Grace in order to provide information on the depth to 
fresh bedrock and regolith permeability in that area.  A pair of deep and shallow bores, termed 
05LG17D and 05LG17S, was also drilled in the southern part of town in order to investigate the extent 
and permeability of a southward-thickening wedge of sediments identified during the previous drilling 
program (Addison 2001).  The positions of the new and existing bores at Lake Grace are shown in 
Figure 2-1. 
Drilling was performed by Great Southern Drilling Pty Ltd using a reverse circulation air-core core rig 
equipped with a 800 cfm/200 psi compressor and a 122 mm (5 inch) blade bit.  The deep holes 
(05LG12D, 05LG14D, 05LG17D) were drilled to fresh bedrock whereas the shallow bore (05LG17S) 
was drilled to about 4 m depth.  Drill samples were collected from the cyclone at 1 m intervals, 
described and then sub-sampled into plastic chip trays, which are stored at the Department of 
Agriculture in South Perth. 
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Figure 2-1. Lake Grace townsite with location of boreholes (2 metre topographic contours shown in 
black lines) 
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All bores were cased with 1 mm-aperture, machine-slotted 50 mm CL9 PVC at their base followed by 
blank 50 mm CL9 PVC extending to about 0.5 m above the land surface.  The casing was inserted 
down the drill string to ensure that the slotted sections were installed at the correct depths.  In the 
case of the deep bores, 12-20 (0.7-2.0mm diameter) gravel pack was used to fill the anulus from the 
base of the slotted section to the top of the aquifer, which was then isolated from the surface by about 
7 m of cement grout in order to form a piezometer.  The shallow bore, by contrast, was constructed as 
an observation bore by backfilling the entire anulus with 12-20 gravel pack.  Lockable metal 
standpipes were used to protect the PVC casing where it extended above the land surface.  The 
standpipes were embedded in a concrete collar, which also prevented surface water from entering the 
holes.  Lithological logs and construction details of the bores are presented in Attachment 1. A list of 
the full complement of piezometers and observation bores at Lake Grace is presented in Table 2.1. 
Following installation of the metal standpipes, those bores which produced sufficient water (deep 
bores only) were developed by air lifting until the water was reasonably clear and free of sand.  After 
this was achieved, an estimate of yield was made by measuring the time required to fill a 100 L plastic 
drum.  Measurements of water level, electrical conductivity (EC) and pH were made for all bores at 
Lake Grace on 23/8/2005. 
2.2 Re-logging of existing boreholes 
Samples of drill spoil taken at 1 m intervals during the 2000 drilling program were transferred from 
plastic bags stored at South Perth into plastic chip trays.  Lithological descriptions of the drill samples 
were then made using a binocular microscope in order to resolve differences in interpretations of the 
regolith stratigraphy (particularly the depth to fresh bedrock) produced by Addison (2001) and that 
resulting from the 2005 drilling program.  The lithological descriptions of the samples obtained during 
both the 2000 and 2005 drilling programs are presented in Attachment 2. 
2.3 Geophysical logging 
Fifteen of the deep boreholes drilled at Lake Grace during 2000 were logged using the Department of 
Agriculture’s Geonics EM39 instrument in order to provide additional information on regolith 
stratigraphy and electrical conductivity (salinity).  Two probes were used; firstly, a frequency domain 
electromagnetic probe which measures the bulk or “apparent” electrical conductivity (ECa) of the earth 
materials surrounding the borehole, and secondly a natural gamma probe which measures the 
amount of gamma radiation produced principally by the radioactive decay of potassium-bearing 
minerals, such as feldspar and mica, present in the earth materials surrounding the borehole.  For 
both instruments, measurements were taken at 10 cm intervals travelling up and down the borehole.  
Plots of the ECa and gamma logs obtained at Lake Grace are presented in Attachment 3. 
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Table 2-1. Construction, water depth and water quality details for bores at Lake Grace 
Location 
(MGA94) 
Collar RL
(AHD) 
Depth
drilled 
Slotted 
interval 
top        bottom 
Static 
water 
level$
EC$ pH$Bore 
name 
(mE) (mN) (m) (mbgl) (mbgl) (mbgl) (mS/m)  
00LG01D 637152 6336093 285.04 32.00 30.00 32.00 1.81 11970 5.8 
00LG01M 637152 6336093 285.04 6.00 4.00 5.71 1.36 6180 6.3 
00LG02D 636559 6336197 284.54 38.00 35.50 37.50 3.79 19540 6.0 
00LG02M 636559 6336197 284.55 6.00 4.00 5.70 2.13 8460 6.7 
00LG03D 636304 6336124 284.46 29.00 27.00 29.00 2.99 14750 5.9 
00LG03M 636304 6336124 284.46 6.00 4.00 5.65 2.24 6970 6.1 
00LG04I 636072 6336239 286.88 12.00 10.00 12.00 4.83 7510 5.4 
00LG04M 636072 6336239 286.88 6.00 4.00 5.61 4.73 5070 6.7 
00LG05I 635894 6336422 286.15 12.00 10.00 12.00 4.28 6270 6.7 
00LG05M 635894 6336422 286.20 6.00 4.00 5.46 4.28 5980 6.8 
00LG06D 637046 6336594 287.48 30.00 28.00 30.00 4.02 11850 6.4 
00LG06M 637046 6336594 287.48 6.00 4.00 5.69 3.27 1871 5.9 
00LG07D 637193 6336863 290.74 38.00 36.00 38.00 5.9 11770 6.1 
00LG07M 637193 6336864 290.72 6.00 4.00 5.61 5.17 5010 6.3 
00LG08D 636899 6336383 284.03 28.00 26.00 28.00 1.5 16060 6.3 
00LG08I 636898 6336382 284.05 12.00 10.00 11.66 0.58 8930 6.8 
00LG08M 636898 6336382 284.03 6.00 4.00 5.70 0.61 8340 6.4 
00LG09D 636883 6336383 284.25 28.00 25.00 27.00 1.4 14080 6.9 
00LG09M 636883 6336384 284.23 6.00 4.00 5.68 0.83 7700 5.7 
00LG10D 636913 6336397 284.38 28.00 26.00 28.00 1.32 13170 6.2 
00LG10I 636913 6336396 284.39 12.00 10.00 11.65 0.89 9350 6.1 
00LG10M 636914 6336397 284.40 6.00 4.00 5.52 0.86 8520 6.1 
00LG11D 636915 6336412 284.51 28.00 26.00 28.00 1.73 14640 6.6 
00LG11M 636914 6336412 284.51 6.00 4.00 5.58 0.95 7730 6.3 
05LG12D* 636507 6336466 285.13 39 32.90 38.90 4 16590 6.1 
00LG12I 636507 6336466 285.13 12.00 10.00 12.00 2.64 6300 6.2 
00LG12M 636507 6336466 285.13 6.00 4.00 5.32 1.15 1681 7.5 
05LG13D* 636681 6336610 285.10 60 56.00 58.00 4.78 20900 5.9 
00LG13I 636681 6336610 285.09 12.00 10.00 12.00 2.31 10700 5.8 
00LG13M 636681 6336610 285.10 6.00 4.00 5.61 2.09 1880 6.7 
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Location 
(MGA94) 
Collar RL
(AHD) 
Depth
drilled 
Slotted 
interval 
top        bottom 
Static 
water 
level$
EC$ pH$Bore 
name 
(mE) (mN) (m) (mbgl) (mbgl) (mbgl) (mS/m)  
00LG14I 636424 6336616 286.15 12.00 10.00 12.00 3.83 7990 4.1 
00LG14M 636425 6336616 286.15 6.00 4.00 5.36 1.64 2610 6.5 
00LG15I 636893 6336794 287.73 12.00 10.00 12.00 4.35 8740 5.9 
00LG15M 636894 6336794 287.73 6.00 4.00 5.53 4.49 5600 3.4 
00LG16I 637477 6336322 292.09 12.00 10.00 12.00 5.86 2590 6.6 
00LG16M 637477 6336322 292.12 6.00 4.00 5.64      
05LG17D* 636637 6336335 284.55 54 52.00 54.00 3.25 20200 6.0 
05LG17S* 636637 6336335 284.55 4.2 2.20 4.20 1.24 6930 6.5 
00LGPB1 636914 6336382 284.13 25.00 0.30 24.33 0.5 8910 6.3 
LGAGWEST 636636 6336561 284.98 11.00  10.95 2.21 9610 6.1 
LGINFOBD 637383 6336623 292.11 21.20  21.17 5.75 4100 6.2 
LGINFOBS 637390 6336623 292.20 5.70  5.61      
LGPKBAYD 635485 6336577 283.81 11.70  11.65 2.48 8670 4.7 
LGPKBAYS 635480 6336573 283.67 2.70  2.65 2.43 7880 6.9 
LGSHIRED 636071 6336608 287.13 17.75  17.74 5.47 10220 6.0 
LGSHIRES 636067 6336609 287.18 7.10  7.08 5.27 5680 5.6 
* Location data approximate; $ Water level, EC and pH data for 23/8/05. 
3. Results 
3.1 Bore sample descriptions and regolith stratigraphy 
Fresh granitic bedrock was intersected at 39 m in 05LG12D , 59.5 m in 05LG13D, and 54.5 m 
05LG17D (Attachment 1).  These depths are 10-30 m greater than reported by Addison (2001) for 
other deep bores in the area, indicating that the deep bores drilled during the 2000 drilling program 
terminated within weathered bedrock and did not reach fresh bedrock, as reported by Addison (2001).  
The cause for the true depth to bedrock not having been reached during 2000 probably relates to the 
occurrence of thin layers of fairly fresh granite within the weathering profile at depth, with each of 
these layers creating a “false bottom” to the regolith sequence (Attachment 1).   
Importantly, most of the new deep bores intersected a substantial thickness of permeable “grit” 
produced by intense fracturing and disaggregation of the granitic bedrock at the base of the 
weathering profile.  The thicknesses of grit intersected were 9 m in 05LG13D, 7 m in 05LG12D, and 2 
m in 05LG17D.  Re-logging of the exiting drill spoil (Attachment 2) indicates that the only bore to have 
been drilled to fresh bedrock (and hence being deep enough to intersect the permeable grit aquifer) 
during the 2000 drilling program was 00LG02D.  This bore reached fresh granite at 37 m, but did not 
intersect any of the grit aquifer material. 
A contour map of the depth to fresh bedrock at Lake Grace, constructed from the limited borehole 
data and the ground-based gravity survey is presented in Figure 3-1.  Three parallel zones of 
particularly high depth to fresh rock can be recognised.  As indicted by the wave-like pattern of the 50 
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m depth to bedrock contour (Figure 3.1), the zones are oriented in a north-south direction and 
increase in depth to the north.  The thickness of grit, shown as circled numbers in Figure 3.1, appears 
to correlate with the bedrock topography with the greatest thickness of grit occurring in the centre of 
the bedrock lows. 
Also shown in Figure 3-1 are contours of the depth to the base of the sedimentary cover.  The 
sediments dominantly thicken in a westerly direction away from the valley side towards the valley floor, 
but in the valley floor area also thicken to north and south thereby revealing a broad weathered 
bedrock high oriented in an east-west direction beneath the townsite.  As shown in Figure 3-1, the 
bedrock high is also reflected as a subdued ridge in the land surface topography.   
The sedimentary cover contains a moderately thick layer of sand Attachment 2), the depth and 
thickness of which also appears to increase to the north and south of the townsite, similar to the total 
thickness of sediments.  The sand is medium- to coarse-grained and likely to be of moderate to high 
permeability.  However, an overlying layer of low permeability clay separates the sand from the 
watertable, reducing the effectiveness of pumping or draining water from the sand as a method of 
lowering the watertable. 
3.2 Bore water yields 
Open hole (uncased) water yields for the deep holes drilled during 2005 were 2 L/s for 05LG12D, 
1.6 L/s for 05LG13D and 0.25 L/s for 05LG17D.  The yields vary in direct proportion to the thickness of 
grit intersected by each bore, although in the case of 05LG13D a substantial quantity of water was 
also produced by quartz veins in the granitic saprolite.  Much lower water yields were produced by the 
deep and intermediate bores drilled during 2001, owing to their limited depth.  The production bore 
(00LGPB1), for example, was pump tested at 0.24 L/s, which is probably about an order of magnitude 
less than could have been achieved if the bore had been drilled and cased to fresh bedrock.  
The yield of the only shallow hole (05LG17S) drilled during 2005 was too low to be measured by 
airlifting.  This reflects the high clay content and low permeability of the near surface materials against 
which the bore was slotted (Attachment 1).   
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Figure 3-1.  Contours of depth to fresh bedrock and to base of sedimentary cover at Lake Grace 
(borehole positions and gravity station locations also shown) 
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3.3 Bore water levels 
Table 2-1 shows the standing water levels in all of the bores at Lake Grace as measured at 23/8/2005.  
A contour plot of the depth to water in the shallow bores (i.e. watertable level) for the same date is 
shown in Figure 3-1.  The watertable depth is strongly topographically controlled, ranging from greater 
than 6 m beneath the eastern part of town which is located on the valley side, to 1-3 m beneath the 
central and far western parts of town which are located over the valley floor.  A slightly higher depth to 
water occurs beneath a subtle topographic high located at the western end of the town. 
Differences in water levels between deep and shallow holes indicate that vertical hydraulic gradients 
beneath the Lake Grace townsite are dominantly downwards (Table 2-1).  This probably reflects the 
slightly higher elevation of Lake Grace compared to adjacent parts of the valley floor, but may also 
relate to high rates of groundwater discharge from surface of Lake Grace (salt lake). 
3.4 Bore water quality 
The EC of water from the three deep bores (piezometers) installed during 2005 at Lake Grace ranges 
from about 16,500 mS/m in 05LG12D to about 20,000 mS/m in 05LG13D and 05LG17D.  This is 
substantially higher than the EC of water from the shallower bores drilled during 2000 (Table 2-1), 
indicating that groundwater salinity increases markedly with depth.  The increase in salinity with depth 
beneath the Lake Grace townsite is probably caused by the penetration of a wedge of dense, hyper-
saline groundwater that originates from the nearby Lake Grace salt lake.  
3.5 Bore geophysical logs 
Apparent electrical conductivity and gamma logs for 15 of the deepest holes drilled at Lake Grace 
during 2000 are presented in Attachment 3.  Changes in the texture (grain-size) of the sedimentary 
cover are poorly resolved by the gamma logs, although some of the sand layers produce a 
characteristically low gamma response (e.g. 00LG01D).  The origin of very high gamma responses at 
depth in some bores (e.g. 00LG02D, 00LG09D) is uncertain, but is probably associated with zones of 
weathered mafic rock interleaved within the weathered granite, as was found to occur in 05LG12D 
(Attachment 1).   
Lithological changes are on the whole more clearly resolved by the apparent electrical conductivity 
logs.  The saprolite, in particular, has a very high ECa (1000-1700 mS/m) resulting in the development 
of a bulge-shaped profile (e.g. 00LG06D, 00LG07D, 00LG08D).  The increase in groundwater salinity 
with depth inferred from the water quality data does not, therefore, appear to be evident in the ECa 
profiles.  This is probably because the wedge of dense, hyper-saline water at depth is separated from 
the shallow, less saline water by a sharp contact which is lower in elevation than the base of the 
boreholes logged by the EM39 instrument. 
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Figure 3-2.  Contours of depth to water in observation bores at Lake Grace as measured at 23/8/2005  
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4. Conclusions 
A small-scale hydrogeological investigation was carried out in the Lake Grace townsite during March 
2005 in order to follow-up on a more extensive drilling program conducted in 2000.  Two deep bores 
were installed alongside existing shallow and intermediate bores in the northern part of town and a 
nest composed of a deep and shallow bore was installed in the southern part of town.  Apparent 
electrical conductivity and gamma logs were also obtained for 15 of the deepest holes drilled during 
2000. 
Fresh bedrock was reached at between 40 and 60 m below ground level in the new bores.  This is 20-
30 m more than interpreted to have been the case during the 2000 drilling program, indicating that the 
2000 bores terminated in weathered rather than fresh bedrock.  Two of the three new deep bores 
intersected appreciable thickness of highly permeable grit material immediately above fresh bedrock, 
which had not been encountered previously because of the limited depth of the bores drilled during 
2000.  Up to 2 L/s of hyper-saline water was obtained by air lifting from the grits, which is about an 
order of magnitude greater obtained by pumping from a production installed during 2000 that was 
slotted in the overlying , much less permeable, granitic saprolite.  The results of the 2005 drilling 
indicate that groundwater pumping may be an effective means of lowering the watertable at Lake 
Grace, provided the production bore is properly sited and sufficiently deeply drilled to intersect a 
substantial thickness of the basal grit aquifer. 
5. Reference 
Addison, D. (2001) Groundwater study of the Lake Grace townsite.  Resource Management Technical 
Report 212, Department of Agriculture, Western Australia. 
E12  
APPENDIX E: GROUNDWATER 
 
Attachment 1:  Borehole logs 
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Attachment 2: Borehole sample descriptions 
00LG01D 
0-6 Sandy clay; grey, coarse quartz sandy clay 
6-11 Clayey sand; light grey clayey coarse quartz sand 
11-13 Sandy clay; grey, coarse quartz sandy clay 
13-14.5 Sand; grey, medium quartz sand 
14.5-26 Granitic Saprolite; white to light green, coarse quartz sandy kaolin clay 
26-30 Granitic Saprock; brown, clayey coarse to very coarse, biotite, feldspar and quartz sand (crushed 
rock) 
30-32 Granitic Saprock; friable chips of light brown, coarse grained, granite (fresh bedrock not reached) 
 
00LG02D 
0-2 Sandy clay; red, coarse quartz sandy clay 
2-10 Clay; light grey, clay; crumbly (grainy) at base 
10-15 Sandy clay; white to yellow to red upwards, medium quartz sandy clay 
15-16 Clayey sand; light grey, clayey medium sand 
16-17 Slightly clayey sand; light yellow, slightly clayey coarse quartz sand 
17-19 Clayey sand; light yellow, clayey medium sand 
19-20 Sandy clay; white medium quartz sandy clay 
20-21 Slightly clayey sand; light yellow, slightly clayey coarse quartz sand 
21-24 Granitic Saprolite; white, very coarse quartz sandy kaolin clay 
24-37 Granitic Saprock; friable chips of brown to white upward, coarse grained, foliated granite; feldspar 
and biotite becoming strongly weathered 
37-38 Granite; fresh, light brown to grey, coarse grained, granite 
 
00LG03D 
0-1 Sandy clay; light grey medium quartz sandy clay 
1-9 Clay; light grey clay 
9-19 Granitic Saprolite; white, very coarse quartz sandy kaolin clay; red (mottled) at 13-14 & 17-19 m 
19-24 Granitic Saprock; brown, clayey medium to coarse, biotite, feldspar and quartz sand (crushed rock) 
24-29 Granitic Saprock; friable chips of granite, feldspar weakly to moderately kaolinised, biotite preserved 
(fresh bedrock not reached) 
 
00LG04I 
0-1 Sandy gravel; coarse quartz sandy granitic rock fragment gravel 
1-4 Sandy clay; light to red, coarse quartz sandy clay 
4-9 Clay; light grey, clay 
9-10 Clayey sand; light grey, clayey coarse quartz sand 
10-12 Clay; light grey, clay 
 
00LG05I 
0-1 Sandy clay; light grey, coarse quartz sandy clay 
1-2 Sand; light red, medium to coarse quartz sand 
2-8 Sandy clay; light grey, coarse quartz sandy clay 
8-9 Silcrete; brown, strongly silicified, clayey coarse quartz sand 
9-12 Clayey sand; white to light red, clayey coarse quartz sand 
 
00LG07D 
0-1 Sandy clay; red, medium quartz sandy clay 
1-3 Clay; red, indurated, clay 
3-4 Clayey sand; white, clayey medium sand 
4-35 Granitic Saprolite; white, very coarse quartz sandy clay 
35-38 Granitic Saprolite (Si); white to light green, strongly silicified, granitic saprolite (fresh bedrock not 
reached) 
 
00LG08D 
0-4 Slightly sandy clay; light grey to red, slightly coarse quartz sandy clay 
4-18 Granitic Saprolite; brown to white to light grey/green upwards; coarse quartz sandy clay 
18-20 Granitic Saprock; light green to brown, clayey medium to coarse, biotite, feldspar and quartz sand 
(crushed rock) 
20-24 Granitic Saprock; friable chips of granite, feldspar weakly to moderately kaolinised, biotite preserved 
24-26 Quartz-biotite rock; fine-grained  
26-28 Granitic Saprock; consolidated chips of granite (fresh bedrock not reached) 
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00LG09D 
0-4 Slightly sandy clay; light red, slightly coarse quartz sandy clay 
4-17 Granitic Saprolite; brown to green to white to light grey/green upwards; coarse quartz sandy clay 
17-22 Granitic Saprock; brown, clayey medium to coarse, biotite, feldspar and quartz sand (crushed rock) 
22-27 Granitic Saprock; friable chips granite, feldspar weakly kaolinised, biotite preserved, wet & sandy 
(crushed) at 25-26 m  
27-28 Quartz-biotite rock; fine-grained (fresh bedrock not reached) 
 
00LG11D 
0-4 Slightly sandy clay; light brown, slightly coarse quartz sandy clay; occasional detrital Fe nodules 
4-15 Granitic Saprolite; brown to green to white to light grey/green upwards; coarse quartz sandy clay 
15-24 Granitic Saprock; brown, clayey medium to coarse, biotite, feldspar and quartz sand (crushed rock) 
24-28 Granitic Saprock; friable chips of granite, feldspar weakly kaolinised, biotite preserved (fresh bedrock 
not reached) 
 
05LG12D 
0-7 Clay; light grey/green, plastic, clay; occasional detrital Fe nodules at surface; calcrete nodules at 2-3m 
7-17 Granitic Saprolite (Si); white, coarse quartz sandy clay; strongly silicified around quartz veins at 8-12m 
17-20 Mafic Saprolite; brown/khaki to light green clay 
20-24 Granitic Saprolite; white, coarse quartz sandy clay 
24-26 Mafic Saprolite; brown/khaki to light green, micaceous clay 
26-30 Granitic Saprock; light brown, very angular, clayey very coarse to granule quartz, feldspar and granitic 
rock fragment sand 
30-32 Mafic Saprolite; brown/khaki to light green, micaceous clay 
32-39 Granitic Grit; light brown, very angular, very coarse to granule quartz, feldspar and granitic rock 
fragment sand (crushed rock) 
39-39.5 Granite; fresh/well consolidated, fine to coarse grained, biotite granite 
 
05LG13D 
0-5 Clay; light grey/green, plastic, clay 
5-7 Sand; white, sub-rounded, fine to medium quartz sand; moderately silica cemented at 6.5-7 
7-10 Slightly clayey sand (Fe, Si); white to dark red, weakly silica cemented, slightly clayey medium quartz 
sand; strongly Fe cemented at 7-8m  
10-25 Granitic saprolite; white, coarse quartz sandy clay; strongly Fe cemented at 10-11m 
25-59 Granitic Saprock/Grit; green, clayey coarse quartz, feldspar and granitic rock fragment sand; grit layers 
at 31-32, 40-41, 45-46, 47-49, 51-53, 57-59m; weakly consolidated granite layers at 30-31, 33-34, 
39-40, 41-45, 46-47, 50-51, 54-56m 
59-59.5 Granite; fresh/well consolidated, fine to coarse grained, biotite granite 
 
00LG14I 
0-3 Sandy clay; light brown, coarse quartz sandy clay; occasional detrital Fe nodules at surface 
3-6 Clay; light grey/green clay 
6-12 Granitic Saprolite; white to light grey/green upwards; coarse quartz sandy clay 
 
00LG15I 
0-4 Sandy clay; light brown/red, coarse quartz sandy clay; occasional calcrete nodules at surface 
4-12 Granitic Saprolite; white, coarse quartz sandy clay; locally strongly ferruginised and silicified 8-10 m 
 
00LG16I 
0-3 Ferruginous saprolite; red, nodular-structured, ferruginised coarse quartz sandy clay 
3-12 Granitic Saprolite; white, coarse quartz sandy clay 
 
05LG17D 
0-2 Sand; light red, fine to medium quartz sand; locally calcareous cemented (calcrete) 
2-3 Clay; light green/grey, plastic, clay 
3-7 Sandy clay; light grey, coarse quartz sandy clay 
7-12 Clayey sand; white to light grey, clayey medium to coarse quartz sand; weakly silica cemented at 10-
12m 
12-16 Sand; light grey, medium to coarse quartz sand 
16-19 Clayey sand; light grey/brown, clayey coarse quartz sand 
19-27 Granitic saprolite; white, coarse quartz sandy clay 
27-54 Granitic Saprock/Grit; green, clayey coarse quartz, feldspar and granitic rock fragment sand; grit 
layers at 48-49, 53-54m 
54-54.5 Granite; fresh/well consolidated, coarse grained, granite 
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Attachment 3:  Apparent electrical conductivity and 
gamma logs. 
Units 
 
ECa mS/m 
Gamma api 
Lithological legend 
 
C clay 
sC sandy clay 
cS clayey sand 
(c)S slightly clayey sand 
S sand 
sG sandy gravel 
Grn fresh fresh granite 
Grn grit granitic grit 
Grn spk granitic saprock 
Grn spl granitic saprolite 
Grn lat granitic lateritic gravel 
Maf fresh fresh mafic rock 
Maf spk mafic saprock 
Maf spl mafic saprolite 
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APPENDIX F: INFRASTRUCTURE DAMAGE COSTS 
Salinity Risk 
 
Evaluation of the salinity risk towards the infrastructure damage was based on the long average 
groundwater level for the shallow observation bores. The level of risk was estimated in accordance 
with soil saturation level at the 1m depth below the ground level. The extent of the salinity risk map is 
confined by the extent of the observation bores in each town, hence the salinity risk maps only cover a 
portion of each town. 
 
Infrastructure damage cost 
  
Infrastructure damage costs are calculated based on the simultaneous analysis of the salinity risk and 
infrastructure type within each land parcel land use, where surface types, area and structures have 
been identified. The average salinity risk of each land parcel is calculated, and using an algorithm 
adapted from the USEAP model, damage can be calculated (Table 1). 
  
USEAP divides the town infrastructure into 5 key groups: residential housing, commercial/offices, 
public open space, ovals/playing fields and roads.  Roads are classified as either sealed or gravel. 
Each category has an assigned annual damage cost, derived from the USEAP value assuming a 
100% impact.  This damage is then moderated based upon estimated degree of soil saturation, so that 
damage falls as soil saturation falls.   
 
Table 1. USEAP Damage Cost 
Name Quantity Cost $ 
Residential Building Per household 563 
Commercial Building Per 1000 sqm 663 
Oval Per hectare 1900 
Open Space Per hectare 685 
Sealed Road Per 1000m 400 
Unsealed Road Per 1000m 200 
 
 It is important to note that the damage costs are only an indication, and that the only a part of the 
gazetted townsite was considered.  The water level is assumed to be at equilibrium currently. If the 
intention is to identify the impact of changes in management, then an assessment of only those areas 
which may feasibly be impacted by that management need to be considered.  It is important to note 
that these are the estimates of current damage within the area, and as such are the MAXIMUM cost 
reduction that could be achieved if management options were introduced that completely ameliorated 
the problem.  It is almost certainly the case that such total amelioration options will not be economic to 
achieve, and such options are not considered in the water management plans.  However, these values 
give an indication of the overall size of the infrastructure damage problem within these towns. The 
details of the proposed methodology are given in the report “A Systems Approach to Rural Town 
Water Management” (report for Water for Healthy Country, 2006). 
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Lake Grace 
The salinity risk map shows the extent of affected area, which is mainly located on the south-east part 
of the townsite (Figure 1).  The estimated damage cost for the different land use zones as described in 
the town planning scheme is given in Table 2 as an annual damage cost ($22K) and projected NPV of 
damage costs over next 20 years within do-nothing scenario ($233K). Although not the land use with 
the highest associated cost, the salinity risk is greatest within the Industrial zone. 
 
Table 2. Lake Grace Damage Cost 
NAME COST Year 1 $ 
Projected NPV (@ 7%)  
over 20 years $ 
INDUSTRIAL 2,584 27,375 
PARKLAND AND 
RECREATION 552 5,848 
PUBLIC PURPOSES 414 4,386 
RAILWAY 43 456 
RESIDENTIAL 14,889 157,734 
RURAL 0 0 
SPECIAL USE 193 2,045 
TOWN CENTRE 2,478 26,252 
ROADS 907 9,609 
   
TOTAL 22,060 233,704 
 
 
Figure 1. Lake Grace Salinity Risk Map 
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Lake Grace Water Quality 
1.1. Water Quality: project approach and methodology 
1.1.1 Approach 
Ground and surface water quality, such as parameters including gross salinity level (electrical 
conductivity), major ion composition, trace element composition, organic compound composition and 
total organic carbon, and pathogen (bacterial) status are key determinants for assessment and 
decision making in several aspects of water resources management of the RT-WM project.  
Determination of water quality parameters is necessary as a basis for feasibility assessment of options 
for townsite water management.  These include water treatment options (e.g reverse osmosis 
desalination, nanofiltration, evaporative desalination), the suitability of treated water as either potable 
water supply or as potable substitute water, assessment of bulk mineral harvesting potential from 
saline water, water disposal options, long term implications of de-watering or drainage to control 
waterlogging and townsite salinisation, water quality assessment for new industries and downstream 
water users such as livestock, intensive horticulture, aquaculture and townsite irrigation.  In addition to 
these water management issues, groundwater quality and its spatial and temporal distribution and 
variation provides key information on groundwater surface water interaction and interconnection within 
groundwater systems when integrated with hydrogeology, groundwater modelling, geophysics and 
surface hydrology.  For example, when integrated with groundwater modelling of townsite dewatering 
scenarios, knowledge of the spatial distribution of groundwater salinity has enabled long term 
predictions of the volume and salinity of recovered groundwater.  Such information is critical to the 
development of long term water treatment and water re-use scenarios and the identification of 
downstream uses of the recovered groundwater. 
1.1.2 Methodology 
For rural town groundwater, the methodologies developed and employed have included:   
i) spatial and temporal monitoring and interpretation of deep, intermediate and shallow water quality 
parameters in a network of observation bores within each townsite.  Temporal monitoring was 
undertaken bi-annually from 2001 to 2004 allowing temporal trends in key water quality parameters to 
be determined and assessment of whether the salinity trends in groundwater are degrading, 
improving, or remaining constant.  Indicators of the extent of groundwater mixing, surface water- 
groundwater interaction and recharge to groundwater within townsites were developed from analysis 
of the spatial and temporal data.   
ii)  Integration of the spatial distribution of groundwater quality with subsurface basement topography 
determined by seismic geophysics.  Such integration enables more robust and reliable long-term 
predictions of groundwater recovery volumes and salinity.  Development of the necessary data 
integration and software processing capacity to merge subsurface geophysical interpretation with 
spatial groundwater quality has been an important methodological development.   
iii)  Spatial characterisation of major and trace ion compositions, organics and microbiological status 
was carried out to assess the potable or substitute potable suitability of groundwater, predict the long 
term characteristics of recovered groundwater and define the parameters of its desalination by RO 
and related technologies, estimate the recovery potential of bulk mineral salts from recovered 
groundwater, 
iv)  Establishment of salt and water mass balances of groundwater will provide base data for a) 
economic analysis of groundwater pumping and water treatment as a potential source of new, useable 
water resources as a by-product of shallow watertable waterlogging alleviation and b) facilitate 
comparison between recovered groundwater volumes, water quality, recovery and treatment cost in 
comparison to available or harvestable surface water volumes and quality. 
APPENDIX G: WATER QUALITY 
For surface water, very little or no prior information was available and due to low or zero flow 
conditions in summer 2004-5, new data could not be collected.  Reconnaissance electrical 
conductivity (salinity) in townsite runoff is being measured.  
Expected outcomes from these methodologies were the interpretation of groundwater-surface water 
interaction, especially evidence for whether groundwater recharge occurs within the townsites and, on 
this basis, determining whether management of townsite surface water will be effective in alleviating 
waterlogging and salinisation due to shallow water tables.  Conversely, it is important to determine 
whether townsite groundwater management (pumping, drainage) will be effective in long term 
alleviation of waterlogging, or whether seasonal surface water recharge will rapidly overturn any 
benefits achieved by groundwater management.  Overall, the methodologies provide information that 
form the basis for hydrologically and socio-economically sound decision making in relation to the 
alleviation of salinisation and waterlogging in rural towns. 
1.1.3 Data collected and results 
Groundwater quality data from Lake Grace was collected for multiple purposes including;  
Spatial and temporal monitoring and hydrological interpretation of deep, intermediate and shallow 
water quality parameters in a network of observation bores.  Interpretation of this data in the context of 
hydrological processes (e.g recharge, groundwater sources) in the context of developing townsite 
water management plans is at the forefront of the purpose for this data.  
Determination of the potable or potable substitute potential of treated groundwater by characterisation 
of major and trace ion compositions, organics and microbiological status 
Determination of desalination potential, in particular variants of RO technologies, for water treatment, 
downstream water uses and bulk mineral recovery. 
In the context of the overall Water Management Plan for Lake Grace, where it was concluded that 
groundwater recovery was not a viable water management option, the emphasis in this report and the 
importance of the application of water quality interpretations will be on point (i) above.  Nevertheless, 
reporting of the details of the extensive groundwater quality data sets collated, collected and analysed 
is provided in this report. 
Spatial distribution and temporal trends in salinity 
Figures 1 and 2 show the spatial distribution of EC in deep groundwater overlain on DEM, topographic 
contour and cadastral information for Lake Grace.  Groundwater salinity in Lake Grace is 
systematically higher than that in other rural towns and is the highest of any townsite investigated thus 
far, ranging between about 30,000 and 110,000 TDS.  This is undoubtedly due to the fact that Lake 
Grace is situated close to the boundary of the large salt lake, Lake Grace.  Consequently groundwater 
beneath the Lake Grace townsite comes under the influence of the large mass of hypersaline 
groundwater associated with the salt lake.  The spatial trend of lower and higher EC does not follow 
decreasing topographic slope and shallow groundwater EC is lower than deep groundwater EC (see 
also Figure 5).  Thus there is no evidence for the frequently observed occurrence of higher salinity in 
topographically low parts of the landscape.  Rather, this indicates that the Lake Grace townsite is not 
situated under the influence of a classic hillslope recharge-discharge zone system, but that direct 
rainfall and run-off into the townsite infiltrates causes i) the spatially variable salinity distribution 
observed across the townsite (e.g. note the low salinity region around bore 00LG13M) and ii) 
recharge-infiltration within the townsite causes the observed lower salinity in shallower groundwater.  
Figure 3 shows the spatial distribution of pH in deep groundwater overlain on DEM, topographic 
contour and cadastral information for Lake Grace demonstrating the circum-neutral pH condition of 
central Lake Grace groundwater and a trend toward lower pH at the western town margin.  Figure 4 
shows temporal trends in groundwater EC during the period 2002 to 2004 indicating the very broad 
range of salinity conditions ranging from about 2,500 to 18,000 mS/m, and that groundwater salinities 
follow a steady trend over time.  Figures 5 & 6 show Schoeller and Piper plots respectively of the 
major ion composition of groundwater sampled in late 2004 (Table 1).  Shallow groundwaters are 
generally less saline than deeper groundwater, indicating the rainfall/runoff-infiltration process occurs 
across the townsite.  This points to surface water management as being a key factor in managing 
groundwater levels and infiltration in the townsite. 
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Trace elements  
Figures 7-15 show a set of figures containing trace element concentrations in groundwater for Nyabing 
(and for comparison, three other rural townsites).  The data are from Table 1 and each caption shows 
the Australian Drinking Water Guideline (ADWG) for the corresponding element.  The ADWG is 
presented as a reference only and does not imply an intention that the groundwater could be used as 
potable supply as its gross salinity alone is well above the ADWG.  Lake Grace groundwater presents 
generally higher trace element concentrations than other rural towns due to generally higher salinity 
levels, however Lake Grace does not present any unusually high trace element concentrations.  
Organics and Pathogens 
Table 1 shows a suite of organic compounds measured to determine whether Lake Grace 
groundwater demonstrated any significant organic contamination from urban sources.  The 
reconnaissance analysis yields no evidence of organic compound contamination.  Pathogen counts 
indicate five groundwater samples showing low level microbiological occurrence and is considered a 
result of septic tank system operation at Lake Grace.  The occurrence of e-coli was not found. 
Groundwater use options: salt production potential of saline groundwater and reverse osmosis  
Salt harvesting from groundwater at Lake Grace was investigated as a possible use for Lake Grace 
groundwater.  However, because it was concluded from related work described in this report 
conducted in parallel with analysis of salt recovery, that groundwater recovery was not a viable water 
management option for Lake Grace, the results for salt harvesting are presented only for completion.  
Similarly RO treatment of recovered groundwater is not a viable option because groundwater recovery 
is not proposed at Lake Grace. 
 
Figure 1.  Spatial distribution of groundwater salinity (EC as ms/m) in deep bores at Lake Grace 
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Figure 2. Spatial distribution of groundwater salinity (EC as mS/m) in intermediate bores at Lake Grace  
 G4
APPENDIX G: WATER QUALITY 
 
Figure 3. Spatial distribution of groundwater pH in deep bores at Lake Grace townsite 
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Figure 4.  Temporal variation in groundwater salinity in Lake Grace townsite 
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Figure 5.  Major ion concentrations in Lake Grace groundwater (data from Table 1) 
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Figure 6.  Major ion distribution in Lake Grace groundwater 
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Figure 7.  ADWG Guideline Al <0.2 mg/L, As < 0.007 mg/L 
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Figure 8.  ADWG Guideline Sb <0.003 mg/L, Ba < 0.7 mg/L 
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Figure 9.  ADWG Guideline Be: no guideline figure available, As < 0.05 mg/L 
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 Figure 
10.  ADWG Guideline Cu <2.0 mg/L, F < 1.5 mg/L 
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Figure 11.  ADWG Guideline Fe <0.3 mg/L, Pb < 0.01 mg/L 
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Figure 12.  ADWG Guideline Mn <0.5 mg/L, Hg < 0.001 mg/L 
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Figure 13.  ADWG Guideline Ni <0.02 mg/L, NO3 < 50 mg/L 
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Figure 14.  ADWG Guideline P: no guideline available, Se < 0.01 mg/L 
 
 G15
Figure 1.5  ADWG Guideline Sr: no guideline available for non-radioactive Sr, Zn no health-based 
guideline is set for zinc
APPENDIX G: WATER QUALITY 
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Table 1.  Trace elements, organics and pathogens measured in Lake Grace groundwater 
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Lake Grace Lake Grace Lake Grace
CCWA ID 04E0933/001 04E0933/002 04E0933/003 04E0933/004 04E0933/005 04E0933/006 04E0933/007 04E0933/008 04E0933/009 04E0933/010 04E0933/011 04E0933/012 04E0933/013
Client ID 00LG01D 00LG02D 00LG03D 00LG05D 00LG06D 00LG07D 00LG08D 00LG09D 00LG10D 00LG14D 00LG12I 00LG14I 00LG16I
Sample Date
Field Temp C 19.6 19.8 19.7 20.1 20.2 21.1 21.1 21.7 21 20.9 20.3
Field pH 6.13 6.18 6 6.1 6.24 6.21 6.52 6.06 6.01 6.17 6.37
Field EC mS/cm mS/cm 136.7 14.2 144 143 157 154 134 134.6 148 138.5 139.4
DO mg/L
Ag mg/L  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.005
Al mg/L  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1 18  <0.005
Alkalinity mg/L 78 19 38 138 183 178 98 165 110 115 208  <2 230
As mg/L  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001
Ba mg/L 0.02  <0.02  <0.02 0.02 0.02 0.02 0.04 0.03 0.03 0.04 0.02 0.02 0.034
Be. mg/L  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.001
CO3 mg/L  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2
Ca mg/L 331 549 337 112 278 237 431 403 451 405 39.6 51.6 67.9
Cd mg/L  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.002
Cl mg/L 51000 110000 69000 37000 49000 48000 78000 55000 38700 61000 22000 28000 9100
CN_WAD mg/L  <0.01  <0.01 0.05  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01
Cr mg/L  <0.02  <0.02  <0.02 0.03  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02 0.004
Cu mg/L 0.18 0.23  <0.05  <0.05 0.05  <0.05 0.21 0.21 0.11 0.28  <0.05 0.09  <0.005
ECond mS/m 20200 31200 21200 10800 16100 15700 23400 19800 12300 20600 5900 6870 2690
F mg/L  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1 0.6 0.4
Fe mg/L 15 37 17 0.18 0.11  <0.05 0.45  <0.05  <0.05  <0.05  <0.05 5.5  <0.005
HCO3 mg/L 95 23 46 168 223 217 119 201 134 140 253  <2 281
Hg mg/L  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005  <0.0005
K mg/L 395 861 488 357 398 432 560 498 507 511 240 272 164
Mg mg/L 4050 7140 5210 1930 3900 3460 5470 4920 5110 5080 1200 1560 927
Mn mg/L 2.9 1.8 2 0.24 15 3.5 4.2 6.4 8.3 6.2 0.67 0.31 2
N_NO2 mg/L  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02  <0.02
N_NO3 mg/L 0.04 0.09 0.09 0.16 0.04 0.04 1.3 0.04 0.05 0.05 22 2.2 1.2
Na mg/L 29500 56800 37300 18800 27100 26900 40200 33200 36500 34000 13700 15200 8410
Ni mg/L  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1 0.02
P_SR mg/L  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01 0.01  <0.01 0.07
P_total mg/L  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01 0.01  <0.01 0.09  <0.01 0.1
Pb mg/L 0.11  <0.025  <0.025 0.043  <0.025  <0.025  <0.025  <0.025  <0.025  <0.025  <0.01 0.046  <0.005
S mg/L 2100 3600 3200 1100 2300 1800 2900 2700 2800 2700 680 870 570
Sb mg/L  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.05
Se mg/L  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.5  <0.05
SO4 mg/L 5100 11000 8500 2900 7100 5400 8700 7900 6200 8200 2100 2700 1100
SiO2 mg/L 35 17 25 59 37 39 26 27 23 32 62 82 61
Solid_suspended mg/L 99 61 64 1900 76 14 31 25 17 57 210 210 3300
Sr mg/L 6.7 13 9 3.3 6.3 5.9 9.6 7.5 7.4 8.4 1.8 2.5 1.7
TDS_180C mg/L 96000 190000 130000 59000 92000 89000 140000 120000 70000 120000 39000 41000 16000
TDS sum mg/L 92000 190000 120000 61000 88000 85000 130000 100000 90000 110000 40000 48000 20000
Zn mg/L 1 0.06 0.08 0.07 0.09 2 0.11  <0.05 0.07 0.09 0.05 0.14 0.019
aION_BAL % 1.9 -4.1 -1.5 -5.1 -0.5 0 -3.4 4.7 23 0.8 1.7 -2.5 21
pH 5.8 5.8 6 6.1 6.6 6.3 6.1 6.7 6.6 6.3 6.4 3.7 6.8
TOC 10 14 15 6 17 8 12 13 14 14 15 12 12
SampleNotes 00LG01D 00LG02D  00LG03D 00LG05D  00LG06D 00LG07D  00LG80   00LG09D  00LG910D 00LG11D  00LG12I                   00LG14I                   00LG16I                    
AcqDate 21-Jan-05 21-Jan-05 20-Jan-05 21-Jan-05 21-Jan-05 21-Jan-05 21-Jan-05 21-Jan-05 21-Jan-05 21-Jan-05 21-Jan-05 21-Jan-05 20-Jan-05
ActualUnits ug ug ug ug ug ug ug ug ug ug ug ug ug
Conc per L per L per L per L per L per L per L per L per L per L per L per L per L
benzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
toluene <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
ethylbenzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
m&p-xylene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
o-xylene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,2,3-trimethylbenzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,2,4-trimethylbenzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,3,5-trimethylbenzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Naphthalene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
2-methylnaphthalene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1-methylnaphthalene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,2-DMN <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,3/1,7-DMN <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,6-DMN <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
2,3/1,4/1,5-DMN <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
2,6/2,7-DMN <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
phenol <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 169.75 66.87
m&p-cresol <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
o-cresol <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Pathogens
Total Coliforms verage cells /100m 1.2 0 0.6 0.2 0 0 0 0 3 0 0 0
Possible Shigella sonnei 0.6 0 0 1.8 0 0 0 0.8 0.4 0.6 0 1.2
Escherichia coli 0 0 0 0 0 0 0 0 0 0 0 0  
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Saline waters, when evaporated, lead to the precipitation of some of its constituents. In general 
different minerals precipitate at different saturation points. This allows separation of valuable salts 
from low value salts. In commercial operations the valuable salt (e.g. halite) is recovered by 
transferring the saturated brine to another pond.  Thermochemical modelling can predict the quantity 
of salt (sodium chloride) and bitterns to be produced from saline waters. The modelling work, by and 
large simulating commercial solar pond operations, involves calculations for producing gypsum, halite 
of saleable quality and quantity.  
In this work the sodium chloride and bittern potential of saline groundwater was investigated for Lake 
Grace groundwater having the chemical composition (comprising Na, Cl, Mg, SO4, Ca, K, alkalinity, 
pH and SG) shown in Tables 1 and 2. 
Table 2. Chemical composition of saline waters (mg/L) modelled in this study 
Location Sample No Na Cl Ca Mg SO4 K HCO3- pH 
Lake Grace 00LG14 15,200 28,000 51.6 1560 2700 272 1 3.7 
The modelling was done for the system Na-K-Mg-Ca-H-Cl-SO4-OH-HCO3-CO3-CO2-H2O at 25°C.  
The calculations performed by the program track the reaction path taken by the sample at 25°C as it 
evaporates to dryness by the stepwise removal of 996 g of H2O per litre of water. By removing the 996 
g of water, all the initial water is removed as the remaining 4 g are consumed by the formation of 
hydrated minerals.  
The model provides indicative results only as it assumes 100% efficiency in precipitation and recovery. 
The modelling does not take into account kinetic effects such as caused by day-night temperature 
changes that may affect the crystallisation path significantly. The program assumes progressive 
evaporation of the saline water to dryness. Also note that the modelling work does not provide 
information on the fate of trace elements (eg heavy metals) in the salt products. 
In the results presented, the Lake Grace sample was modelled by bringing (modelling) the saline 
water to complete dryness. The minerals predicted to precipitate under such a scenario and their 
tonnages are shown in Table 3.  Table 4 shows the theoretical amount of gypsum/anhydrite, halite and 
bittern that would be produced at a specific gravity of point of 1.25. This SG point is commonly used 
as point of salt harvesting in commercial operations. 
Table 3.  Predicted total mineral tonnages to be precipitated from Lake Grace groundwater as a 
result of evaporation to complete dryness of 1 megalitre of water  
 Dolom. Gypsum Magnes. Anhyd. Halite Glauber. Epsom. Hexahydr. Polyhal. Kainite Kieser. Carnal. Bischof.
00LG14 -- -- 0.000 0.051 38.16 0.242 1.962 0.132 0.013 1.208 0.830 0.571 7.679 
The data in Tables 3 and 4 show that the amount of halite and bittern to be precipitated depends on 
the total salinity of the water.  The predicted amount of halite to be produced is about 31 tonnes.  
However, in commercial operations the actual halite production will be 50 to 70% of the values shown 
in Table 4, the difference due to losses during production, washing and stockpiling. 
Table 4.  Theoretical amount of gypsum/anhydrite, halite and bittern to be produced at a specific 
gravity point of 1.25. 
 
Gypsum+Anhydrite 
(t) 
Tonnage of Good  
Quality Halite to be  
harvested at SG = 1.25 
% Volume of 
Remaining Water 
(Bittern) 
00LG14 0.05 31 3.5 
 
 G20
APPENDIX G: WATER QUALITY 
Model verification was established by examining the mineral phases precipitated as a result of 
evaporation of Lake Grace groundwater to dryness as determined by powder XRD technique.  
The XRD patterns for the Lake Grace sample are shown in Figure 16. 
 5- 628 HALITE, SYN
 41- 224 BASSANITE, SYN
 25- 515 BISCHOFITE, SYN
 33- 882 KIESERITE, SYN
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Figure 16. XRD pattern of evaporation residue from Lake Grace 
This data verifies the presence of mainly halite and small amounts of impurity minerals. Not all the 
minerals listed in Table 2 appear in the XRD patterns due to their low abundance. 
Salt harvesting potential was investigated by evaporating a groundwater sample (Table 5) to an SG of 
about 1.19–1.20 to precipitate gypsum, anhydrite, dolomite and magnesite.   
Table 5. Common salt harvestable from 1 litre of saline groundwater from Lake Grace 
Sample Weight of Unwashed 
Product Halite (g) 
Weight of washed 
Product (60% recovery) 
Halite (g) 
Possible annual 
tonnage at groundwater 
recovery rate 
00LG14 – Lake Grace  23.9 (38.2) - 63% 14.3 Not applicable for 
Lake Grace 
In Table 5 the numbers in parenthesis show theoretical amounts. Recoveries (in per cent) are within 
commercial limits.  
The filtrate was then further evaporated at room temperature to a SG of about 1.25, filtered and 
washed with small amount of water.  Halite recovered was dried at 110oC overnight and weighed. 
Small sub-samples were collected and submitted for chemical analysis.  
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APPENDIXN J: WATER BALANCE 
Summary 
The township of Lake Grace is subject to the problems of scarce water and urban salinity. The results 
of the water balance will enable more informed decisions to be made about how to address water 
scarcity and urban salinity.  
Water balance modelling allows us to understand where water is being distributed within a township 
over time. The volume of stormwater run-off, wastewater discharge and scheme water consumption is 
calculated each day for the period of the study, which in this case is 1950–2003. Calculating water 
flows for each day allows us to understand the variation in water flows and the reliability of water 
supplies (both proposed and existing). 
The water balance was calculated using end use data supplied by the Water Corporation of Western 
Australia and a series of assumptions.  
Rainwater tanks were specifically investigated to determine their effectiveness in supplying residential 
areas. Each house was modelled with rainwater tanks ranging from 15 to 25 kL, depending on 
expected demand, roof size and rainfall. The demand placed upon the tanks was for toilet flushing and 
garden irrigation. The study found that rainwater tanks would not be able to meet this demand and 
would only succeed to in reducing total scheme water consumption by 8.7% and stormwater run-off by 
16.5%.  
If significant water management improvements are to be achieved in Lake Grace, measures other 
than rainwater tanks need to be considered. End use demand management could achieve a 
significant reduction in scheme water consumption and wastewater discharge because residential end 
use is very high by Western Australian standards (161.4 kL/cap/year) compared to the Western 
Australian average for 2000-01 of 132 kL/cap/year (ABS 2004) and the Perth average for single 
residential houses of 136 kL/cap/year (Loh & Coghlan 2003). Other management options such as 
stormwater collection and use, groundwater extraction and use, greywater use and reclaimed water 
use could also be considered however further modelling is required to determine how effective and 
feasible they would be. 
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1. Introduction 
This report details water balance results for Lake Grace. Water balance modelling enables us to 
understand where water is being distributed within a township. It considers the volume of water being 
imported into the township, the volume of stormwater run-off and the volume of wastewater discharge. 
All water balance calculations have been calculated on a daily time step which means the model can 
reflect seasonal factors such as rainfall and evaporation which influence (among others) irrigation 
demand and stormwater run-off. 
Water balance modelling also allows us to compare water management options. In this case, water 
management options include rainwater tanks, end-use demand management, groundwater extraction 
and use, stormwater re-use, wastewater re-use and greywater re-use. Water balance modelling will be 
able to determine how much imported water, wastewater discharge and stormwater run-off would vary 
for different options and the estimated required size of water storages (such as rainwater tanks, 
greywater tanks, stormwater storages, groundwater storages and treated wastewater storages). 
This report analyses the base case, or in other words, the existing water balance and compares it to a 
scenario where every house uses a rainwater tank for garden irrigation and toilet flushing.  
This report forms part of CSIRO’s “Water for a Healthy Country” Rural Liquid Assets project.  
2. Input Data 
2.1 End Use Data 
End use data was supplied by the Water Corporation of Western Australia. The data were annual 
figures (for the years 2003 and 2004) with splits between land use types of ‘residential’, ‘commercial’, 
‘industrial’ and ‘other’. The data was for use of ‘scheme water’ only (i.e. there was no data on 
alternative water uses such as rainwater tanks, recycled water, bore water etc.). ‘Scheme water’ refers 
to water that is supplied by the Water Corporation of WA. 
Monthly scheme water end use data were supplied for the townships of Dowerin, Merredin, Katanning 
and Wongan Hills between July 2000 and January 2005. Monthly end use data is very useful as it 
demonstrates the seasonal variation. The percentage breakdown of consumption between 
‘commercial’, ‘industrial’, ‘residential’ and ‘other’ land use zones and the number of customers for each 
zone was also provided allowing us to calculate average unit consumption data for each of the land 
use zones. 
An important assumption has been made when calculating water use for land use zones, namely: 
percentage breakdown of use between land use zones is constant for each month of the year. This 
assumption was made because no information on end use breakdowns between land use zones was 
available for individual months.  
The weighted average from Dowerin, Merredin, Katanning and Wongan Hills for end use in residential 
areas is shown in Table 1. The end use data was “weighted” based on population data from the ABS 
(2005) (see Table 2). This data allow us to estimate the variation in water use between each month, or 
in other words, the volume of irrigation that is used each month of the year. This estimated variation in 
irrigation is assumed to be similar to Lake Grace. 
To estimate the percentage of consumption that was garden use, it was assumed that during the 
wettest month of the year there is no garden irrigation. This month, as can be seen in Table 1, is 
August and the residential consumption for August represents indoor consumption. This assumption 
means that indoor use is 228 L/cap/day and outdoor consumption is 499 L/unit/day. This compares to 
155 L/cap/day and 707 L/unit/day for single houses in the Perth Domestic Water Use Study (Loh & 
Coghlan 2003) and 181 L/cap/day and 434 L/unit/day for all houses in Western Australia (ABS 2004). 
The proportion of scheme water being used for garden irrigation is estimated at 48%, which compares 
to the Western Australian average of 50% (ABS 2004) and the Perth single houses average of 54% 
(Loh & Coghlan 2003).  
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Table 1: Weighted average monthly residential consumption 
Month 
Residential 
Consumption 
(ML/month) 
Residential 
Consumption per 
unit (kL/unit/month) 
Residential Garden 
Consumption 
(kL/unit/month) 
Jan 165 50 34 
Feb 151 46 31 
Mar 153 46 30 
Apr 119 36 20 
May 85 26 9 
Jun 59 18 2 
Jul 57 17 1 
Aug 54 16 0 
Sep 55 17 1 
Oct 88 27 10 
Nov 114 35 19 
Dec 134 41 24 
Total 1235 374 181 
Table 2: Population of townships (ABS 2005) 
Township Population 
531
Wongan Hills 783
Dowerin 358
Merredin 2807
Katanning 3685
The indoor end use breakdown was based on typical Perth values for single houses (Loh & Coghlan 
2003) of 33% bath & shower, 27% washing machine, 21% toilet, 16% tap and 3% other. Assumptions 
about distribution of “tap” and “other” were made to develop the indoor end use breakdown as shown 
in Table 3. 
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Table 3: Estimated Residential Indoor End Use Breakdown 
End Use 
Percentage 
Indoor Use L/capita/day 
Toilet 21% 48 
Laundry 32% 73 
Bathroom 38% 87 
Kitchen 9% 21 
Total 100% 228 
The breakdown between indoor and outdoor use in commercial areas was calculated in the same way 
as for residential areas; i.e. we have assumed that in the month with the lowest end use volume there 
was also no garden watering. The end use value for this month therefore represents the indoor end 
use volume. As can be seen in Table 4, this month is August. Irrigation is therefore estimated to 
account for 49% of water usage in commercial areas 
Table 4: Weighted average commercial end use volumes each month 
Month 
Commercial 
Total 
Consumption 
(ML/month) 
Commercial 
Consumption 
(kL/Unit/month)
Commercial 
Garden 
Consumption 
(kL/Unit/month) 
Jan 34 64 43 
Feb 33 63 43 
Mar 30 57 36 
Apr 25 47 26 
May 17 33 12 
Jun 12 24 3 
Jul 11 22 1 
Aug 11 21 0 
Sep 12 22 1 
Oct 18 35 14 
Nov 25 47 27 
Dec 28 53 32 
Total 257 488 238 
The volume of irrigation for industrial areas was calculated in the same way as commercial and 
residential areas as described above. Based on the data in Table 5, the volume of water used for 
irrigation in industrial areas is estimated as 50%. 
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Table 5: Weighted average industrial end use volumes each month 
Month 
Total 
Industrial 
Consumption 
(ML/month) 
Industrial 
Consumption 
(kL/Unit/month)
Industrial 
Garden 
Consumption 
(kL/Unit/month) 
Jan 44 6342 4354 
Feb 47 6654 4665 
Mar 43 6193 4204 
Apr 35 4988 2999 
May 23 3279 1291 
Jun 17 2414 425 
Jul 15 2156 168 
Aug 14 1988 0 
Sep 16 2245 256 
Oct 20 2854 865 
Nov 27 3846 1857 
Dec 33 4669 2680 
Total 333 47,626 23,765 
Community area irrigation was assumed to comprise 90% of total community use. “Community areas” 
refers to land uses such as parks, gardens, sports ovals, schools and community halls. Whilst the 
assumption regarding irrigation volume is somewhat crude, it should be remembered that community 
areas usually only comprise <10% of total water usage and that there is no high quality data available 
on seasonal variation.  
Lake Grace 
End use data for Lake Grace is shown in Table 6. Bulk water usage for ‘residential’, ‘commercial’, 
‘other’, ‘farmland’ and ‘vacant land’ areas was supplied by the Water Corporation of WA. To reconcile 
this data with the land use topography data (see Section 1.2), ‘residential’ end use data was assigned 
to ‘residential’ areas, ‘commercial’ end use data was assigned to ‘commercial’ areas, ‘other’ end use 
data was assigned to ‘industrial’ areas, and ‘vacant land’ and ‘farmland’ end use data was assigned to 
‘community’ areas. The breakdown between garden irrigation and indoor use was calculated using 
assumptions detailed in Section 1.1. The monthly variation in irrigation was taken into account using 
the assumptions detailed in Section 1.1 (also see Section 1.6 for more details). 
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Neighbourhood Pop 
Dwellings 
/Units 
People 
per 
unit 
Total 
Use 
(kL/year) 
Total 
Use 
(kL/Unit 
/year) 
Garden 
Use (kL/ 
Unit/year) 
Total 
Garden 
Use 
(kL/year) 
Total Indoor 
Use (kL/Unit 
/year) 
Residential Small 151 68 2.22 24,348 358 173 11,748 185 
Residential Medium 200 82 2.44 32,248 393 190 15,560 204 
Residential Large 180 69 2.61 29,024 421 203 14004 218 
Total Residential 531 219 2.42 85,619 391 189 41,312 202 
Industrial   21   23,886 1137 565 11,873 572 
Commercial   67   24,883 371 180 12,091 191 
Community   11   2,853 259 233 2,567 26 
Total   318   137,241     67,844   
The breakdown of end use consumption between each land use zone is shown graphically in Figure 2. 
Note: The numbers in Table 6 shown in italics represent those which are assumed and not based on 
citable data. 
 
Figure 1: Scheme water end use breakdown for Lake Grace 
Table 6: Scheme water end use for Lake Grace neighbourhoods 
Total Consumption = 137 Megalitres per year
Total Residential
63%
Industrial
17%
Commercial
18%
Community
2%
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2.2  Topography Data 
The topography data was supplied by CSIRO Land & Water using town planning zone classification information. This data can be sourced from the GIS 
information on ftp://rtcsiro@spatial.agric.wa.gov.au/rural_towns/BaseData/   for those with access 
Table 7: Topographical data for Lake Grace 
 Neighbourhood Population 
Dwellings / 
Units 
People 
per unit 
Average 
Block 
Size (m2)
Average 
Roof 
Area 
(m2) 
Average 
Paved 
Area 
(m2) 
Average 
Garden & 
Lawn 
Area 
(m2) 
Total 
Block 
Size (ha) 
Open 
Space 
(ha) 
Road 
Area (ha) Total (ha) 
Residential Small 151 68 2.22 1019 166 29 824 6.9 11.0 5.0 23.0 
Residential Medium 200 82 2.44 1057 213 38 807 8.7 13.8 6.3 28.8 
Residential Large 180 69 2.61 1424 294 52 1079 9.8 15.6 7.1 32.6 
Total Residential 531 219 2.42                 
Industrial   21   3905 162 81 3661 8.2 16.9 6.0 31.1 
Commercial   67   1271 168 168 934 8.5 11.1 6.2 25.8 
Community   11   17743 1172 1408 15162 19.5 21.2 14.2 54.9 
Total   318           61.7  89.7 44.8 196.1 
Numbers shown in italics are those which are assumed and not based on citable data.  
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2.3 Climate Data 
The climate data have been sourced from the Bureau of Meteorology. The data is at a daily time-step. 
Figure 2 shows the annual Class A pan evaporation and rainfall for Lake Grace over the period of the 
data set (1950 – 2003). 
It should be noted that daily evaporation data 1950–1969 is based on average daily values from the 
remainder of the data set. No Class A pan evaporation data was available prior to 1969. Using 
average daily values pre 1969 period allows us to use a longer rainfall data set which will help improve 
the reliability of the results. The average data included seasonal variation as each calendar day was 
given the average for that calendar day between 1970 and 2003 (e.g. the evaporation for the 6th of 
November in 1955 is equal to the average evaporation for 6tNovember between 1970 and 2003). 
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Figure 2: Rainfall and evaporation for Lake Grace 
Figures 3 and  4 show the average monthly rainfall and evaporation for the dataset (1950–2003). Note 
that rainfall and evaporation are both very seasonal, with the wet months of May to August having the 
most rainfall and least evaporation. 
2.4 Stormwater run-off 
It is very important to understand that no stormwater run-off data was available to calibrate the model. 
Ideally, volumetric run-off coefficients would have been available (i.e. the volume of stormwater run-off 
divided by the volume of rainfall) for each surface type in the study area. This would have allowed us 
to adjust variables in the model such as “percentage effective area”, “initial loss” and “soil depth 
capacity” to calibrate the stormwater run-off with recorded results. The lack of stormwater run-off 
calibration means that the values seen in the results section can only be considered as indicative and 
should not be relied upon for design and treated with caution for decision making. 
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Figure 3: Average monthly rainfall 
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Figure 4: Average monthly evaporation 
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3 Water Balance 
3.1 Modelling approach 
A water balance computer model ‘AQUACYCLE’ (Mitchell, 2000) has been used to analyse the water 
balance outcomes for the various water servicing options considered for the area. 
Aquacycle integrates potable water supply, wastewater reticulation and stormwater flows into a single 
framework, and thus provides a holistic view of the urban water system in terms of the total water 
management. It uses a daily time step and represents an urban area in a quasi-distributed manner.  
Climate, land use and water servicing options associated with infrastructure required are the inputs 
into Aquacycle. It is able to account for: 
• A variety of land use types; residential, industrial, commercial, parks and public open spaces 
• Different conventional water infrastructure designs such as combined sewers, septic tanks, 
separate stormwater systems, and groundwater bores  
• Local climatic conditions 
Aquacycle has three nested spatial scales to describe the components of an urban area. The unit 
block (single allotment) represents a building and associated paved and pervious areas such as paths, 
driveways and gardens. The proportion of these areas are specified by the user, allowing a range of 
allotment types such as flats, commercial premises and industry to be represented as well as 
detached dwellings. The neighbourhood (cluster) comprises of a number of identical unit blocks as 
well as roads and public open space. The catchment represents the grouping of one or more clusters 
that may or may not have the same land use. The order in which stormwater and wastewater flows 
from one cluster to another can be specified by the user, providing the ability to represent how they 
actually flow through a catchment 
The different spatial scales allow a variety of different water infrastructure to be modelled, for example:  
• At allotment scale – water usage efficiency, rain tanks, greywater collection and sub-surface 
irrigation, on-site wastewater collection, treatment and reuse. 
• At neighbourhood scale – open space irrigation efficiency, aquifer storage and recovery, 
stormwater collection, treatment and use, and local wastewater collection, treatment and use. 
• At catchment/estate scale - stormwater collection, treatment and use, and wastewater collection, 
treatment and use. 
Assumptions used in modelling representation 
The following assumptions have been made for the water balance of the development site: 
• The geology has been considered constant throughout the area.  This simplifies the data input 
requirements and allows the analysis of simulation results to focus on land use impacts alone, 
discounting impacts due to geological variations.  
• 3% of stormwater infiltrates into the wastewater reticulation system. 
• Indoor water use is constant throughout the year.  There is no day-to-day and household-to-
household variation considered.  
• Garden irrigation was based on soil moisture content.  Irrigation was performed when the soil 
moisture fell below a certain level. The level was calibrated based on the end use data shown 
in Table 6. 
The calibration parameters used in the water balance modelling are given in Table 8. 
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Table 8: Aquacycle parameters 
Parameters Values  
Area of pervious soil store 1 (%) 50 
Capacity of soil store 1 (mm) 50 
Capacity of soil store 2 (mm) 120 
Roof area maximum initial loss (mm) 1 
Effective roof area % 95 
Paved area maximum initial loss (mm) 1.5 
Effective paved area % 10 
Road area maximum initial loss (mm) 1 
Effective road area % 20 
Base flow index 0.1 
Base flow recession constant 0 
Infiltration index 0 
Infiltration store recession constant 0 
% surface run-off as inflow 3 
Garden trigger to irrigate 0.05 – 0.60 
POS trigger to irrigate 0 
Rainwater tank first flush 0 
 
3.2 Calibration of Garden Irrigation 
Garden water use is not constant throughout the year; it varies from season to season. The data 
shown in Table 3, Table 4 and Table 5 reflect this. Figure 5 below shows the estimated garden 
irrigation data (estimated using the assumptions in Section 1.1) and the modelled garden irrigation for 
the “residential small” neighbourhood. The other neighbourhoods have a similar relationship between 
estimated and modelled irrigation. Due to the nature of the Aquacycle model it is not possible to 
exactly recreate the original data however, as can be seen in Figure 5, the two data sets are very 
close. 
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Figure 5: Comparison of modelled and supplied garden irrigation data for “residential small”  
 
Results 
1.1.1 Scenario 1: Base Case 
Figure 6 shows the annual scheme water use, wastewater discharge and stormwater run-off volumes 
for Lake Grace. As expected, stormwater is highly variable, ranging from 241 ML in 1955 to 25 ML in 
1972. Wastewater is reasonably stable and only varies due to infiltration into the system from 
stormwater. Scheme water use varies, due to climate induced variations in irrigation demand, from a 
low of 120 ML in 1992 to 155 ML in 2002. 
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Figure 6: Imported water, stormwater discharge and wastewater discharge over time for Lake 
Grace base case 
Table 9 shows the average annual scheme water use, wastewater discharge and stormwater run-off 
from each land use zone in Lake Grace. 
Table 9: Average yearly imported water, wastewater discharge and stormwater run-off for 
Lake Grace base case 
Neighbourhood 
Imported Water Use 
(ML/yr) 
Wastewater 
Discharge (ML/yr) 
Stormwater Run-
off (ML/yr) 
Residential Small 24.4 12.8 8.7
Residential Medium 32.3 17.0 11.9
Residential Large 29.0 15.3 13.5
Industrial 23.9 12.1 8.0
Commercial 24.9 13.0 10.0
Community 2.9 0.6 18.1
Total 137.3 70.8 70.2
Table 10 shows a summary of the end use between each land use zone in Lake Grace. The values in 
the table are average monthly values over the modelling period (1950 – 2003). Of interest in this table 
is the high portion of outdoor use, accounting for almost 50% of scheme water and the significant 
variation in water use between the months, ranging from a peak of 14.65 ML in January to 6.93 ML in 
July. 
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Table 10: Summary of end use for Lake Grace 
Indoor Use (ML) Outdoor Use (ML) 
Residential 
Month Toilet Others Others Subtotal Residential Industrial Commercial Others Subtotal Total 
Jan 0.79 2.97 2.13 5.89 5.24 1.57 1.60 0.34 8.75 14.65
Feb 0.72 2.71 1.94 5.37 4.45 1.28 1.31 0.28 7.32 12.69
Mar 0.79 2.97 2.13 5.89 5.01 1.41 1.44 0.31 8.18 14.07
Apr 0.77 2.88 2.06 5.70 4.20 1.16 1.18 0.25 6.78 12.49
May 0.79 2.97 2.13 5.89 2.46 0.87 0.89 0.19 4.41 10.30
Jun 0.77 2.88 2.06 5.70 0.66 0.29 0.29 0.06 1.30 7.00
Jul 0.79 2.97 2.13 5.89 0.55 0.22 0.22 0.05 1.03 6.93
Aug 0.79 2.97 2.13 5.89 1.29 0.37 0.37 0.08 2.10 7.99
Sep 0.77 2.88 2.06 5.70 3.03 0.72 0.73 0.15 4.64 10.34
Oct 0.79 2.97 2.13 5.89 4.59 1.17 1.19 0.25 7.20 13.10
Nov 0.77 2.88 2.06 5.70 4.64 1.29 1.31 0.28 7.52 13.22
Dec 0.79 2.97 2.13 5.89 5.23 1.52 1.55 0.33 8.63 14.53
Total 9.31 35.04 25.09 69.45 41.34 11.86 12.09 2.58 67.87 137.32
Table 11 illustrates that a large portion of stormwater run-off comes from impervious areas, despite the 
effective areas of paved and road areas being estimated as 10% and 20% of total area respectively. 
The large value for impervious area run-off is due to the significant area of Lake Grace study area 
being road area (see Table 7). When viewing Table 11, it should be remembered that these values are 
rough estimates only as they have not been calibrated by any recorded data. 
Table 11: Average monthly stormwater run-off and wastewater generation for Lake Grace base 
case 
Stormwater Run-off (ML) 
Month 
Wastewater 
generation 
(ML/y) Total 
Total 
Impervious
Residential 
Roofs 
Other 
Impervious 
(Roads, 
Paved 
areas) 
Total 
Pervious Garden 
Jan 6.1 6.8 2.6 0.7 1.9 4.2 0.0010
Feb 5.5 7.2 3.4 0.9 2.4 3.8 0.0011
Mar 6.0 5.0 2.7 0.8 1.9 2.3 0.0004
Apr 5.8 3.4 2.9 0.8 2.1 0.5 0.0001
May 6.1 9.2 6.0 1.7 4.3 3.2 0.0005
Jun 5.9 10.0 6.4 1.8 4.6 3.6 0.0004
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Jul 6.1 9.1 5.7 1.6 4.1 3.4 0.0003
Aug 6.0 7.1 4.8 1.3 3.4 2.3 0.0008
Sep 5.8 4.3 3.8 1.1 2.7 0.5 0.0000
Oct 5.9 2.6 2.5 0.7 1.8 0.1 0.0000
Nov 5.8 3.4 2.8 0.8 2.0 0.7 0.0001
Dec 5.9 2.1 1.8 0.5 1.3 0.3 0.0000
Total 70.8 70.1 45.3 12.8 32.5 24.8 0.0046
1.1.2 Scenario 2: Rainwater Tanks for residential areas 
Scenario 2 for Lake Grace considers the same demand on water however each residential household 
has a rainwater tank (we have thus assumed there are currently no rainwater tanks in Lake Grace). 
The rainwater tank is used for toilet flushing and garden irrigation. 
The performance of different sized rainwater tanks on different classifications of houses can be seen 
in Figure 7. The curves shown in Figure 7 illustrate the volumetric efficiency of the rainwater tanks, i.e. 
the amount of water supplied by the rainwater tank divided by the amount of water demanded from the 
rainwater tank. Due to the low and variable rainfall in Lake Grace, the volumetric efficiency of the 
rainwater tanks is low, ranging from ~15% to ~32% for tanks ranging from ~3 kL to 60 kL. 
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Figure 7: Volumetric reliability and consumption curves for rainwater tanks in each Lake 
Grace neighbourhood 
Rainwater tank volumes of 15 kL, 15 kL and 25 kL were chosen for residential small, medium and 
large “neighbourhoods” respectively. These volumes were chosen balancing the factors of cost, 
available space and volumetric efficiency. Installing these rainwater tanks has the potential to save 
11.9 ML of scheme water on average each year (see Table 12). 
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Table 12: Average yearly imported water, wastewater discharge and stormwater run-off for 
Lake Grace Scenario 2 
Neighbourhood 
Imported Water 
Use (ML/yr) 
Rainwater Tank 
Use (ML/yr) 
Wastewater 
Discharge 
(ML/yr) 
Stormwater 
Run-off 
(ML/yr) 
Residential Small 21.6 2.8 12.7 5.9
Residential Medium 28.1 4.2 16.8 7.8
Residential Large 24.1 4.9 15.2 8.7
Industrial 23.9 0.0 12.1 8.0
Commercial 24.9 0.0 13.0 10.0
Community 2.9 0.0 0.6 18.1
Total 125.4 11.9 70.4 58.6
The pattern of annual consumption for the modelling period for Scenario 2 (Figure 8) is very similar to 
the base case (Figure 6). Stormwater run-off varies from 226 ML in 1955 to 18 ML in 1972. Scheme 
water use varies from 106 ML in 1974 to 149 ML in 2002 (this compares to a peak of 155 ML for the 
base case). Rainwater tank use is also highly variable, peaking at 19 ML in 1968 but as low as 7 ML in 
2002. 
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Figure 8: Imported water consumption, stormwater run-off and wastewater discharge over 
time for Lake Grace Scenario 2 
Impervious run-off still makes up a high proportion of total run-off despite rainwater tanks intercepting 
much of the roof run-off (see Table 13). As with Scenario 1, this is due to the large portion of Lake 
Grace classified as road area. Once again, it should be remembered that the numbers shown in Table 
13 have not been calibrated and should not be relied upon. 
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Table 13: Average monthly stormwater run-off and wastewater generation for Lake Grace 
scenario 2 
Stormwater Run-off (ML) 
Month 
Wastewater 
generation 
(ML/y) Total 
Total 
Impervious
Residential 
Roofs 
Other 
Impervious 
(Roads, 
Paved 
areas) 
Total 
Pervious Garden 
Jan 6.0 6.2 2.0 0.7 1.9 4.2 0.0010
Feb 5.5 6.4 2.5 0.9 2.4 3.8 0.0011
Mar 6.0 4.3 2.0 0.8 1.9 2.3 0.0004
Apr 5.7 2.6 2.1 0.8 2.1 0.5 0.0001
May 6.0 7.6 4.4 1.7 4.3 3.2 0.0005
Jun 5.9 8.3 4.7 1.8 4.6 3.6 0.0004
Jul 6.0 7.8 4.4 1.6 4.1 3.4 0.0003
Aug 6.0 5.9 3.6 1.3 3.4 2.3 0.0008
Sep 5.7 3.3 2.8 1.1 2.7 0.5 0.0000
Oct 5.9 1.9 1.8 0.7 1.8 0.1 0.0000
Nov 5.7 2.7 2.0 0.8 2.0 0.7 0.0001
Dec 5.9 1.6 1.3 0.5 1.3 0.3 0.0000
Total 70.5 58.5 33.8 12.8 32.5 24.8 0.0046
1.1.3 Comparison of Lake Grace scenarios 
Use of rainwater tanks would only have a minor impact on curbing scheme water use and stormwater 
run-off from the Lake Grace study area. Scheme water would be reduced by 11.9 ML or 8.7% on 
average each year and stormwater run-off would be reduced by 11.6 ML or 16.5% on average each 
year. 
Table 14: Comparison of scenarios for Lake Grace 
Scenario 
Imported Water 
Usage (ML/yr) 
Wastewater 
Discharge (ML/yr) 
Stormwater Run-
off (ML/yr) 
Base Case 137.3 70.8 70.2
Rainwater Tanks 125.4 70.4 58.6
Saving 11.9 0.4 11.6
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Table 15: Percentage difference between scenarios for Lake Grace 
Neighbourhood 
Imported Water 
Usage (ML/yr) 
Wastewater 
Discharge (ML/yr) 
Stormwater Run-
off (ML/yr) 
Residential Small 11.6% 0.7% 31.7%
Residential Medium 13.0% 0.7% 34.2%
Residential Large 16.9% 1.0% 35.3%
Industrial 0.0% 0.0% 0.0%
Commercial 0.0% 0.0% 0.0%
Community 0.0% 0.0% 0.0%
Total 8.7% 0.5% 16.5%
The yearly comparison of scheme water use between Scenario 1 and Scenario 2 can be seen in 
Figure 9 below. The peak scheme water use has been reduced from 155 ML to 149 ML in the year 
2002. 
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Figure 9: Imported water comparison of Lake Grace scenarios 
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Discussion 
1.1.4 Rainwater Tanks 
Analysis of the results in Section 1.7 and the end use figures in Section 1.1 leads to a number of 
conclusions. These include: 
• Rainwater tanks have only a minor impact in reducing scheme water use, ranging from 11.6% 
for small houses to 16.9% for large houses.  
• Rainwater tanks have only a minor impact in reducing stormwater run-off volumes. Whilst 
rainwater tanks are effective in capturing most roof run-off, roof run-off only makes up a small 
portion of total run-off. 
• Very large rainwater tanks are required to achieve reasonable volumetric efficiencies due to 
the infrequent and highly seasonal rainfall. Rainwater tanks ranging from 10 kL to 25 kL were 
chosen to achieve volumetric efficiencies ranging from ~18% to ~30%. If there was no 
limitation on the size of rainwater tanks, the maximum volumetric efficiencies that could be 
achieved range from ~20% to ~32% depending on roof size and demand placed on the tank.  
Rainwater tanks for irrigation only 
Rainwater tanks in the Scenario 2 water balances were used for toilet flushing and irrigation rather 
than irrigation only despite the cheaper plumbing costs for supplying irrigation only. This is because 
irrigation is a highly seasonal demand with low demand during the wet winter months and very high 
demand during the dry summer months. If rainwater tanks supplied irrigation only they would fail to 
meet demand in summer and would be of limited use in winter because there would be reduced 
demand. Much of the roof run-off would overflow from the rainwater tanks during winter months. Using 
rainwater tanks for toilet flushing, which has a constant demand, allows the rainwater tank to become 
more useful during the winter months because it can reduce demand on imported water and at the 
same time reduce roof run-off. 
Table 16 shows a comparison of rainwater tanks supplying irrigation with rainwater tanks supplying 
irrigation and toilet flushing. The rainwater tank volumes are kept constant for each scenario and are 
the same volumes used in Scenario 2 (see Section 1.7). As expected, the saving in scheme water is 
higher when toilets are connected to the rainwater tanks as is the reduction in roof run-off.  
It should be noted that the high irrigation demand mitigates the difference between the effectiveness of 
the two options. If irrigation demand was reduced, the difference between supplying ‘toilet and 
irrigation’ and ‘irrigation only’ would be increased (both for roof run-off and rainwater consumption). 
Table 16: Comparison of rainwater tanks used for irrigation with rainwater tanks used for 
irrigation and toilet flushing 
Residential roof run-off 
generation (ML/yr) 12.77
Irrigation 10.56Raintank water 
use (ML/yr) 
Irrigation 
and toilet 11.93
Irrigation 7.7%Scheme water 
supply saving (%) 
Irrigation 
and toilet 8.7%
Irrigation 82.7%Residential roof 
run-off reduction 
(%) Irrigation 93.4%
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and toilet 
1.1.5 Outdoor Water Use 
Lake Grace’s outdoor water use is 77.9 kL/capita/year (Table 17). This compares to the Western 
Australian average for 2000-2001 of 66 kL/capita/year (ABS 2004) and the Perth single residential 
average of 77 kL/capita/year (Loh & Coghlan 2003). The reasons for discrepancies are plentiful and 
include climatic factors, cultural factors (e.g. socially acceptable garden type), land block size, 
population density, soil type and existing alternative water sources for irrigation.  
Seasonal variation in residential outdoor water ranges from 553 kL consumed in July to 5242 kL in 
January (see Table 17 for more details). The extreme variation in irrigation consumption is a direct 
result of the extremely seasonal climate (see Figure 3 and Figure 4). 
Table 17: Outdoor water use (residential) summary 
  
Total 
(kL/month)
Per Capita 
(kL/month)
Jan 5242 9.9
Feb 4446 8.4
Mar 5011 9.4
Apr 4196 7.9
May 2462 4.6
Jun 655 1.2
Jul 553 1.0
Aug 1286 2.4
Sep 3032 5.7
Oct 4587 8.6
Nov 4638 8.7
Dec 5235 9.9
Total 41345 77.9
Outdoor water use in the non-residential areas was estimated to vary from 479 kL/month in July to 
3510 kL/month in January. 
Table 18: Outdoor water use (non-residential) summary 
  
Total 
(kL/month)
Per Capita 
(kL/month)
Jan 3510 6.6
Feb 2878 5.4
Mar 3168 6.0
Apr 2587 4.9
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May 1947 3.7
Jun 643 1.2
Jul 479 0.9
Aug 811 1.5
Sep 1606 3.0
Oct 2615 4.9
Nov 2882 5.4
Dec 3398 6.4
Total 26523 49.9
 
1.1.6 End use demand management 
End use demand management is a very effective way of reducing water consumption. End use 
demand management could be in the form of structural changes, such as water efficient showerheads, 
revised garden landscaping or water efficient washing machines; or in the form of non-structural 
changes, such as educating consumers to reduce consumption. A study of the impact of structural end 
use demand management in Canberra (Diaper et al 2003) reported annual water savings that can be 
achieved from water efficient appliances as: 
  Water efficient dishwashers  - save 0.6 kilolitres per year per household 
Water efficient showerheads - save 26 kilolitres per year per household 
Dual flush toilets                         - save 18 kilolitres per year per household 
Water efficient washing machines  - save 10 kilolitres per year per household 
This amounts to 55 kL of water per house annually that can be saved with adoption of water efficient 
appliances and does not include improved garden irrigation practices or non-structural demand 
management. 
The saving of 55 kL per house per year for Canberra is not directly transferable to Lake Grace 
however it can be safely assumed that significant savings can be made. Estimated indoor end use for 
Lake Grace (228 L/cap/day) is well above the state average of 181 L/cap/day (ABS 2004) and the 
Perth average for single residential homes of 155 L/cap/day (Loh & Coghlan 2003). If scheme water 
use for Lake Grace is to be reduced, end use demand management should be considered as a means 
of achieving this. 
1.1.7 Reclaimed water and stormwater collection and use 
Stormwater collection and use and reclaimed water collection and use should both be considered to 
supplement scheme water use. The annual stormwater run-off figures are high enough to warrant 
further analysis, however the infrequent and seasonal nature of rainfall would mean a large storage 
would be required. The storage volume could be minimised if Aquifer Storage and Recovery (ASR) is 
possible because this would minimise the evaporation from the storage. It should also be noted that 
the annual stormwater run-off figures include areas beyond the immediate township and it may not be 
practical to collect all of the stormwater run-off. Stormwater collection and use for toilet flushing and 
irrigation has the potential to reduce scheme water consumption by roughly 35% to 50%  however 
these figures would need to be confirmed by more detailed analysis. 
Reclaimed water use (say for toilet flushing and irrigation) should also be considered. Reclaimed water 
use has the benefit over stormwater collection and use in that the supply is constant and not subject to 
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seasonal variation. This means the size of the reclaimed water storage will be significantly less than a 
stormwater storage with the same volumetric efficiency. Reclaimed water use for toilet flushing and 
irrigation has the potential to reduce scheme water consumption by roughly 40% (further detailed 
analysis would be required to confidently predict this figure). 
1.1.8 Plumbing costs 
It is difficult to exactly estimate the cost of rainwater tanks as the cost will vary from one place to 
another. The information in this section has been collected from suppliers, web sites and the past 
studies conducted in this area. The cost of the rain water tanks from some of the manufacturers is 
listed in Table 20. The prices are indicative for estimation purposes only.  
In addition to cost of the rainwater tanks there are a number of other items to be considered for costing 
such as transportation, installation, additional plumbing, first flush devices, maintenance and insect 
proof screening. Some of these costs have been estimated by Grant et al, 2003, see Table 19. Table 
19 should only be considered as indicative because installation costs of rainwater tanks are site 
specific. 
Based on Table 19 and Table 20 the total cost of a 20kl tank should be around $3,195 as shown in 
Table 21. 
Table 19: Rainwater tank installation and pump costs 
Item  Cost ($A) 
Pipes and fittings 70 
Plumber charges 200 
Pump 350 
Electrician 100 
Total  720 
 
Table 20: Cost of Rainwater Tanks 
Tank 
capacity 
Team-
poly 
tanks 
(Black)1
ARI 
Plastank2
Tankmasta3 Aquasource3
Litres Cost ($AU) 
Cost 
($AU) Cost ($AU) Cost ($AU) 
1,000  410   
1,300   565  
1,500    2,340 
2,000   685  
2,250  590  2,750 
3,000    3,270 
3,300   890  
3,600  825   
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4,500  825 1,020  
5,600   1,100  
5,900   1,155  
9,000 1,397 1,435 1,390  
10,000   1,460  
12,000   1,785  
13,500 1,837 1,825   
16,200   2,230  
18,000  2,090   
20,000   2,375  
22,000 2,475    
22,800   2,525  
25,000   2,625  
27,000 2,838 2,470 2,875  
30,000  3,220   
35,000   4,480  
45,000  5,020 5,250  
  1 – www.enviro-friendly.com/team-poly-water-tanks.shtml
  2- http://www.enviro-friendly.com/ari-plastank-water-tanks.shtml
  3- http://www.enviro-friendly.com/pricelist.shtml
Table 21: Total cost of 20 Kilolitre rainwater tank 
Item Cost ($A) 
20 kL Tank 2,375
Delivery 100
Installation 720
Total  3,195
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Conclusion 
Residential water consumption in Lake Grace, 161.4 kL/capita/year (see Table 22), is high by Western 
Australian standards of 132 kL/capita/year (ABS 2004) for 2000-2001 and the Perth average for single 
residential households of 136 kL/capita/year (Loh & Coghlan 2003). 
Estimated stormwater run-off from the study areas (Table 22) is significant however this does not 
necessarily mean stormwater collection and use is a suitable water management option. The numbers 
in Table 22 are average annual and do not reflect the highly seasonal and infrequent nature of 
stormwater run-off. They are also for large areas beyond the immediate township which may be 
impractical for collecting run-off. It should also be remembered that the stormwater numbers are not 
calibrated to real data and are estimates based on a series of assumptions. 
Wastewater discharge from the study areas (Table 22) is also significant and wastewater treatment 
and re-use could also be considered. The wastewater numbers in Table 22 are more reliable than the 
stormwater numbers because they are based on data provided by the Water Corporation of Western 
Australia. It should also be remembered that stormwater is an infrequent, seasonal supply whilst 
wastewater is a constant year-round supply. This means the reliability of wastewater reuse is higher 
than stormwater use for the same sized storages, or in other words, wastewater stores take up less 
space. 
Table 22: Water balance summary 
Population 531
Rainfall 345Climate (mm/year) 
Evaporation 1762
Total 137.3
Indoor 69.5
Water Supply (ML/y) 
Outdoor 67.9
Total 258.6
Indoor 130.8
Water Supply (kL/cap/y) 
Outdoor 127.8
Total 161.4
Indoor 83.5
Residential Water 
Supply (kL/cap/y) 
Outdoor 77.9
(ML/y) 70.8Wastewater 
(kL/cap/y) 133.4
(ML/y) 70.1Stormwater Run-off 
(kL/cap/y) 132.0
Rainwater tanks will only reduce scheme water consumption by 8.7% and stormwater run-off by 
16.5%. Rainwater tanks are very good at intercepting roof run-off however roof run-off only makes up 
a small portion of total stormwater run-off. Even though roof run-off is reduced by 93.4%, stormwater 
run-off is reduced by only 16.5%. 
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Table 23: Rainwater tank summary 
Residential roof run-off 
generation (ML/yr) 12.77
Raintank water use* (ML/yr)  11.93
Scheme water supply saving 
(%) 8.7%
Residential roof run-off 
reduction (%) 93.4%
Stormwater run-off reduction for 
study area (%) 16.5%
*This is equal to roof run-off reduction (ML/yr) 
To achieve significant improvements in water management measures beyond rainwater tanks need to 
be considered. Other management options such as end use demand management, stormwater 
collection and use, groundwater extraction and use, greywater use and treated water use need to be 
considered if greater reductions in scheme water consumption, wastewater discharge and stormwater 
run-off are to be achieved. 
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Introduction 
Current water management practice and townsite salinity issues have certain similarities which are 
associated with their water supply schemes, the geological and geographical characteristics of the 
townsite catchments and their history of development.  Commonly, all towns included in the RT-LA 
project experience certain damage to the local infrastructure due to the corrosive effects of saline soil 
and groundwater.  There is also a concern related to fresh water availability, its quality and costs 
associated with water delivery to the towns.  These similarities allow identifying urban salinity and 
rural water supply as the major objectives of the project.  
However, variations in townsite characteristics influence the town-specific water management issues 
and priorities. Urban salinity and waterlogging may be related to the regional processes (such as 
rising regional groundwater levels or regular flooding), localised processes (such as enhanced 
infiltration as a result of water use in the towns or stormwater ponding in landscape depressions and 
upstream from local infrastructure such as roads) or both.  Accordingly, water management options or 
their combination will be different in each case.  For instance, in a case of a rising regional 
groundwater levels, stormwater management may provide only a limited capacity to control salinity in 
the towns, and groundwater abstraction may become an important component of the water 
management plan.  On the other hand, stormwater management may be adequate when salinity is 
caused by localised surface water accumulation. 
It is important to note that the social survey, undertaken during 2004-2005 as a part of the project, 
indicated that local communities often do not consider townsite salinity as a pressing issue for their 
towns.  Wall rendering is often used to protect local buildings, regular road repairs cover the damage 
caused by waterlogging, and overall salinity becomes a background feature of the townsite life which 
often remains unnoticed. 
Similarly, issues related to the townsite water supply were not identified by the towns’ residents as 
serious.  Most of the towns included in the project have no restrictions on water use.  However, the 
local shires are concerned with the cost of water used for irrigation of the towns’ recreation grounds 
and parks.  Although there are local non-potable water sources available to Shires (such as treated 
wastewater and local dams), they do not provide a sufficient and reliable resource for shire water 
demand.  Accordingly, scheme water is often used for watering townsite public areas. 
Yet the current water price, while it may be considered high by the shires, is nevertheless heavily 
subsidised by the State Government, so that the introduction of any new water supply schemes may 
be limited by the current water pricing policy.  It is important to define conditions/circumstances, when 
an alternative water supply may be cost effective (such as government subsidies, price policy 
alteration, etc). 
Interestingly, there existed a desire, by many communities, to beautify their townsite, which largely 
relates to the improvement of townsite vegetation (“leafy streets”) and therefore requires additional 
water resources for irrigation. 
New alternative local water supply sources may be possible through: 
• surface water harvesting in the vicinity of the townsite;  
• restoration of the existing large dams previously used for the water supply (and still owned by the 
Water Corporation); and / or 
• desalination of groundwater, produced by methods to control groundwater levels under the towns. 
Each town requires an evaluation and comparison of various, and sometimes conflicting, objectives 
and water management options.  This prioritisation framework aims to navigate a path through 
townsite’s specific issues and to facilitate development of the strategy for each townsite investigation 
and water management plan design. 
The nature of the task is well suited to an expert system (ES) methodology.  An important outcome of 
this approach is in providing a transparent, while structured and knowledge-based appraisal of 
complex issues and solutions leading to a Water Management Plan that is more likely to be accepted 
by shareholders.  Furthermore, this approach facilitates the integration of outcomes from 
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multidisciplinary research employed in the project. The disciplines encompassed hydrogeology, 
geophysics, surface hydrology, water quality, urban drainage, social and economic studies. 
A general description of expert system’s approach is provided in Section 2.  Section 3 details the 
methodology as applied to this project. The methodology is presented in several steps; each step is 
illustrated in Section 4 using the information collected/generated for the four towns currently 
undergoing investigations. 
The described below approach has been developed and adopted within the project Rural Town – 
Liquid Assets and approved by the project management team.  
Expert systems and their applications 
The study of water related management issues and decision options are a complex interaction of 
disciplines and social and economic criteria. Development of expert systems (ES) and multi-criteria 
analysis (MCA) enables a simpler framework to tackle a complex problem for the decision maker.  
Use of MCA and ES provide a greater understanding of the problem for decision makers through a 
simplistic, transparent and systematic evaluation that can be repeated and modified as required 
(Özelkan and Duckstein 1996; Verbeek et al. 1996).  MCA and ES provide a better general 
understanding of the structure of problems as well as a better understanding of possible outcome 
options and the prioritisation of options (Özelkan and Duckstein 1996). This is increasingly important 
as public awareness of environmental issues increase and valuable public input is included in a MCA 
or ES. (Khadam et al. 2003).  
Expert systems are a branch of applied artificial intelligence (AI), which were broadly developed in mid 
1960s (Liao 2005).  The ES allows expert knowledge to be transferred to a computer program in a 
structured manner, which can then be used if specific advice is needed.  They often use heuristic 
reasoning rather then numeric calculations, focus on acceptable rather then optimal solutions, allow 
separation knowledge and control, and incorporate human expertise.  They also tend to be suitable 
for ill-structured and semi-structured problems (Shepard 1997).  ES are usually developed for specific 
domains rather then for a generic application.  ES development requires a degree of interaction 
between the system developer and the user.  
ESs provide a powerful and flexible means for obtaining solutions to a variety of problems that often 
cannot be dealt with by other, more traditional methods.  They are particularly useful when multi-
disciplinary complex problems are addressed.  There are a number of ES categories (e.g. rule-based 
systems, knowledge-based systems, neural networks, fuzzy expert systems etc) which may be 
applied to a variety of the subjects such as system development (Mulvaney and Bristow 1997), 
geoscience (Soh et al. 2004), environmental protection (Gomolka and Orlowski 2000), urban design 
(Xirogiannis et al. 2004), waste management (Fu 1998), ecological planning (Zhu et al. 1996), water 
supply forecast (Mahabir et al. 2003) and others. 
The report presents the initial stage of an expert system development aiming to support decision 
making process on water management improvement in WA rural towns.  As such it describes an 
algorithm which in the later stage could be translated to a commuter-based ES. 
Key to the development of MCA and ES systems is the identification of decision objectives. Decision 
objectives will form the foundation of criteria used in the MCA and ES. The objectives can be 
translated into measurable criteria that reflect the common questions of the decision maker (Rosa et 
al. 1993; Verbeek et al. 1996; Khadam et al. 2003). Carter et al. (2005) and Chen et al. (2005) used 
MCA for water management based on a long term objective of water demand and consumption 
coupled with resource availability and efficiency of use. Objective based criteria and expert knowledge 
can be factored together with management policy, public values and political and administrative 
criteria that is difficult to quantify (Rosa et al. 1993; Verbeek et al. 1996). An integrated approach to 
water management is widely accepted, it can highlight the interactions between ground and surface 
water and between water and human factors (Carter et al. 2005). Carter et al. (2005) gives the 
example of urban development policy compromising groundwater recharge and quality. Rosa et al. 
1993 used an ES to asses the field vulnerability of agrochemicals. The system combined local factors 
relating to soils, climate, water and chemicals with land management factors. Verbeek et al. 1996 
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used and MCA that combined various models and administrative policies to create an Integrated 
decision support system. 
The majority of MCA and ES within water management can be classed into two groups. Those that 
assess the physical aspect of water management, such as risk assessment (Khadam et al. 2003), 
condition classification, vulnerability (Rosa et al. 1993), and those that assess the outcomes of water 
management such as, reactions to policy and various options (Bethune 2004). Khadam et al. (2003) 
used MCA to assess risk of contaminated ground water, when risk was analysed as being un-
acceptable a number of remedial alternative were identified. MCA analysis was also used to rank the 
remedial measures. Khadam et al. (2003) stated that when no one dominant measure can be 
identified as either the best or worst, MCA was a useful tool in ranking the outcomes. MCA has been 
used to assess options for the abstraction of bores at risk of chlorinated solvents. MCA was used in 
two parts, firstly problem identification and secondly for the prioritisation of monitoring strategies (Tait 
et al. 2004).  Lee et al. (1997) studied the use of a fuzzy ES for the classification of stream water 
quality. The ES was focused on streams for which quantitative water quality data was not collected. 
Using ecological information to classify the streams, based on physical characteristics (eg turbidity) 
and biological indicator species, the results showed that the fuzzy ES represented the real world well 
and better than conventional ES on a comparison. 
Framework for prioritisation of water management options  
A proposed framework is schematically presented in Figure 1 and outlined below.  The project has 
two main objectives: mitigation of townsite salinity and opportunities for new water supply resources. 
Within these objectives, framework will help identify the townsite’s specific issues, related to current 
water management and within existing and forecasted constraints such as  
• policy changes; 
• consideration for regional priorities; and / or 
• water pricing changes. 
As shown in Figure 1, the identified issues could be outside the project scope (e.g. limitation in energy 
supply, demographic trends), but those which are relevant to the project objectives need to be 
considered within the context of the Triple Bottom Line (TBL).  Those solutions may be directly related 
to water resources management (groundwater or surface water) or water use/demand management.  
Alternatively they may be addressed by measures unrelated to the water management options, such 
as infrastructure modification providing a barrier between infrastructure and soil moisture or water 
efficient appliances, reducing potable water demands in the town. 
The proposed solutions can be ranked, costed and brought to the stakeholders’ attention.  The water 
management options selected as a result of community consultations will be recommended for an 
engineering evaluation and be included in the Town Integrated Water Management Plan. 
The framework was developed to accommodate the project specific conditions, and as such is 
applicable at various stages in project development. It is also based on the data available to the 
project at its different stages. 
1. Townsite investigation strategy.  The framework enables to help define the townsite specific 
issues and to guide the townsite investigation program.  
At this stage the discussion-making process is largely based on the data generated by the 
Department of Agriculture Rural Towns Program, which among other aspects includes groundwater 
monitoring records, preliminary geological/hydrogeological system description based on the drilling 
program and a flood risk evaluation. 
2. Evaluation of the town’s water needs and the availability of local water resources to satisfy 
demands.  At this stage the framework guide the “water audit” process, when the local water 
resources, defined during the townsite investigation program, are considered simultaneously with the 
town water demand and in the context of the current water supply.  
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Local water resources include stormwater generated within the townsite, waste water and local 
groundwater.  The methodology for the townsite water balance evaluation is described in the “Water 
Balance Study of Wagin, Lake Grace, Nyabing and Woodanilling” (Grant and Sharma 2005).  
Groundwater resources were defined as a result of the hydrogeological investigations (supported by a 
geophysical survey, CRC LEME and DAWA) and groundwater modelling. Water supply data for each 
town was provided by the Water Corporation, while local shires supplied information on water use for 
community purposes within each town.  
 
Figure 1:  The framework for townsite prioritisation 
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3. Selection of the townsite water management options. The framework leads to definition of the 
generic water management options and provides the basis for their prioritisation.  It is particularly 
valuable that the framework facilitates engagement of the local communities in this process. 
The main outcome at this stage is a final scope for the Water Management Plan (WMP) individually 
designed for townsite-specific conditions.  Ideally WMPs also need to address new water demands for 
townsite beautification, new industry development and introduction of demand management options 
(alternative water appliances, third pipe, rain tank water use for toilet flushing and others). 
Following on from the project objectives, an integrated townsite water management plan is required to 
address both urban salinity and the potential for developing new water resources.  The framework 
allows facilitating the selection of water management options, while clarifying three major questions: 
• Is salinity a significant problem in a town? 
• If so, how is it managed best? 
• Is there sufficient demand for a new water supply? 
Is salinity a significant problem in the town? 
As mentioned above, townsite salinity is not often considered by the local communities as a pressing 
issue. However, in some cases this opinion may be contradicted by observed salinity-related damage 
of local infrastructure.  There were also references to the estimated cost of the WA townsite 
infrastructure damage as close to $50M over the next 30 years (URS 2001). 
Figure 2 illustrates a structured approach to verify the query if salinity control should be included in the 
RT-LA scope.  The decision here is largely based on the available data generated during the townsite 
monitoring program undertaken by Rural Towns Program. 
At this stage the framework required identification of the following: 
1. Stormwater accumulation  
If there is a potential for surface water accumulation within the townsite during storm events or 
flooding, then salinity may potentially become an issue within the affected areas. 
2. Average annual groundwater level within townsite 
For the purposes of the townsite prioritisation it is feasible to use the trigger value for the groundwater 
level (1.8 m) proposed by Nulsen (1989).  It was assumed that this depth indicates an annual average 
groundwater level.  For more detailed analysis a salinity risk assessment could be used (Barron et al. 
2005). 
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Figure 2:  Infrastructure damage by waterlogging and salinity 
3 Groundwater level trends 
If the groundwater level was found to be below the trigger depth, it is also important to define trends in 
the groundwater level fluctuation.  If an upward trend is observed then salinity may potentially become 
an issue, and further investigations are required to support a decision making process. 
4 Section of the townsite affected by shallow groundwater table 
Due to landscape, depths to the groundwater table within townsites may vary, and salinity processes 
may affect only a limited part of the townsite.  In this case the requirements for salinity management 
need to be defined based on an evaluation of infrastructure damage cost, and are unlikely to be 
significant if the annual average groundwater level <1.8 m occur within less than 10% townsite. At this 
stage the assessment is based on the up to date experience within RT-LA, but further evaluation is 
required.    
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3. Infrastructure damage within the area affected by salinity 
The final decision on an individual case is made based on the type of infrastructure affected and 
should include consultation with community/shire representatives. 
The proposed triggered values for an annual average groundwater level and extent of the affected 
townsite area are indicative at this stage and require further verification. 
3.2 How is salinity best managed? 
Once salinity is defined as a townsite issue, a number of options may be applied to control the 
process.  They may include shallow and deep drainage, groundwater pumping or surface water 
rerouting.  There may also be options which are not related to water management (such as the use of 
salt-resistant construction materials, infrastructure relocation or land use alteration).  In order to 
develop the most appropriate salinity control measures, it is important to define the nature of the 
salinity process in the townsite, which will allow dealing with the causes of salinity development rather 
then its manifestation.  The methodology to verify the answers to this question is shown in Figure 3. 
Within the framework the characterization of the salinity is considered in the context of the shallow 
groundwater balance, where possible water fluxes within the shallow groundwater system are defined 
(Table 1). 
Often the groundwater systems in the wheatbelt consist of shallow and deeper aquifers.  The 
difference between the groundwater table and hydraulic head of the deeper aquifer describes the 
vertical groundwater gradient, and provides an indication of the shallow water balance components.  
A downward gradient (the groundwater table is positioned above the hydraulic head of the deeper 
aquifer (Figure. 4) indicates a downward flux from the shallow to the deep groundwater system 
(providing the shallow and deep aquifers are hydraulically connected).  In such a case the drawdown 
of the shallow groundwater table may be achieved by reduction in the local groundwater recharge, 
such as the elimination of stormwater accumulation or alteration in the gardens/parks irrigation 
regime.  This scenario provides an opportunity for surface water harvesting within the townsite 
(subject to water quality). 
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Figure 3:  Management options for waterlogging and salinity control 
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In the case where the hydraulic head in the deeper aquifer is above the groundwater table (Figure 4), 
the upward groundwater fluxes are likely to contribute to the townsite salinity development (providing 
that there is a hydraulic connectivity between these two systems).  In such a case, local groundwater 
recharge control may provide only limited capacity as a salinity control measure, and groundwater 
abstraction from the deeper groundwater system may be required. 
The abstracted water is likely to be brackish or saline and may be reused after treatment 
(desalination).  Additionally there may be an alternative use for saline water, such as irrigation of salt 
tolerant turf and shrubs.  The effectiveness of this option will depend upon aquifer transmissivity, 
which may be limited. 
Table 1:  Shallow groundwater fluxes 
Shallow groundwater recharge Shallow groundwater discharge 
Regional infiltration (rainfall) Evaporation/evapotranspiration from the shallow 
groundwater table   
Local infiltration (surface water accumulation or water 
use practice, e.g. parks’ irrigation) 
Throughflow 
Upwards fluxes from deeper groundwater systems Downwards fluxes to deeper groundwater systems 
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Figure 4:  Variation in the vertical groundwater gradient (downward and upward) 
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3.3 Is there significant demand for new water supply? 
Water use in WA rural towns predominantly relies on the scheme water supply, which is 
supplemented by treated waste water and surface water harvested in the local dams.  Commonly 
water supply from the local resources combines up to 90% treated waste water and up to 25-30 ML 
harvested water.  Local dam capacity in some towns is not sufficient to supply scheme water needs 
throughout the dry season, and the quality may be poor for drinking.  The local fresh water resources 
are used by the shires for irrigation of the town parks and sport grounds, often in combination with 
scheme water. 
Drinking water demands in towns are commonly satisfied by the existing water supply scheme. 
Scheme water use is currently restricted only in towns located along the Goldfields and Agricultural 
Water Scheme. 
It is important to identify the motivation of rural town communities to develop a new or alternative 
water supply.  The requirement for new water resources is often driven by the water costs, which are 
considerable for the larger rural water users, such as Shires and industrial groups.  For instance, the 
annual water cost of the Katanning meatworks (WAMMCO) is in the range of $0.5M, while the Shire 
of Wagin scheme water use costs up to $20K per year (Woodanilling – up to $8K, Nyabing – up to 
$6K, Lake Grace up to $18K).  
Rural water supply is subsidised by Community Service Obligations (CSOs) and as a result rural town 
water tariffs at the lower ranks of water use(350KL) are comparable with the metropolitan water 
prices.  The introduction of new local water resources, potentially including desalination of saline 
groundwater, is likely to carry much greater cost, and as such could be a less favourable alternative to 
the current water supplies. 
The Water Management Plan aims to address the current water demands and water quality 
constraints for townsite water supply.  It also identifies potential water users if additional water 
supplies becomes available.  This is preferably considered simultaneously with the water 
management options proposed to mitigate townsite salinity, as proposed within the FPWMO and 
demonstrated schematically in Figure 5. 
On the other hand it is anticipated that there may be demands for three main water quality types:  
1. Potable water for human consumption and some industrial use which may have specific water 
quality requirements: Supply of this water type is a subject to rigorous regulation and any new 
potable water resources will need to health standards and risk management. 
2.  Fresh water for non-potable use for irrigation of domestic gardens and townsite parks and 
ovals. 
3. Brackish/saline water, which is not commonly used in towns, but the opportunities for 
brackish/saline water use for irrigation of salt-tolerant turf or aquiculture are within the scope 
of this project. 
The potential sources for those water demands are summarised in Table 2. 
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Figure 5:  Townsite water demands 
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Table 2:  Sources of the local water resources 
Water quality Sources of water resources 
Potable water demand may be reduced by the introduction of alternative in-
door water appliances or supplementing outdoor water use with fresh, but 
non-potable water supply 
Potable water 
New potable water may be generated via groundwater desalination, 
providing the local groundwater water quality and quantity are adequate for 
desalination (contributing to salinity risk reduction) 
New resources may be generated via townsite stormwater harvesting 
(contributing to salinity risk reduction) 
Catchment water harvesting or improvement of the existing dams (dam 
catchment enhancement, dams’ alteration) may provide additional fresh 
water resources. In some cases (as in Lake Grace) this option will also 
reduce the salinity risk within the townsite  
Fresh water for non-potable use 
Abandoned Water Corporation dams, previously used for local water 
supplies 
Brackish/saline water used for irrigation of salt-tolerant turf  Brackish/saline water 
Brackish/saline water used for aquiculture 
3.4 Identifying scope for the Water Management Plan and ranking 
options  
As described above the framework is designed to identify both key issues and potential management 
options which in turn lead to the definition of the townsite water management plan. 
The most commonly considered generic water management options are given in Table 3.  The final 
decision on the WMP scope is based on comparisons and ranking of the preliminary selected options 
in view of the cost of their implementation and maintenance, local community preferences and 
environmental safety. 
To guide community engagement in the process of water management option selection, a multi-
criteria ranking system was employed.  The method allowed the ranking of water management 
options, based on: 
• 12 selection criteria; 
• criteria weighting as an identification of its relevance to an individual town’s needs and/or 
community aspiration; and 
• option score identifying the relevance of an individual water management option to satisfy the 
relevant criteria. 
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Table 3:  Water management options aimed at improving rural town water management (the 
current batch of rural towns fit within a number of the shaded yellow boxes) 
Additional water demands 
Potable water Non-Potable Water None  
 Fresh Brackish/Saline  
Direct use     
Disposal     
Townsite 
stormwater 
management 
Treatment and 
reuse     
Direct use     
Disposal     Groundwater abstraction 
Treatment     
Improvement in townsite water 
use     
Sa
lin
ity
 is
  a
n 
is
su
e 
Adoption of the salt resistant 
building materials     
Use     Catchment 
runoff 
harvesting Treatment     
Reuse     
Disposal     
Sa
lin
ity
 is
 n
ot
 a
n 
is
su
e 
Groundwater 
abstraction 
Treatment     
An example of the criteria, their weighting and scoring system is given in Table 4.  While there is a 
suite of common criteria, their final selection is town specific and needs to be defined in consultation 
with main stakeholders. 
This approach may be further expanded to more refined multi-criteria analysis. 
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Table 4:  Criteria for water management option selection 
Option score Criterion Weighing 
factor 
(1-10) High (9) Medium (3) Low (1) 
Reduction in infrastructure damage  >$100000 $50,000-$100,000 <$50,000 
Additional water supply   
Reliable new 
water 
resource 
available for 
new user  
Above current 
Shire water 
demand to 
support 
townsite 
beautiful  
Below current 
Shire water 
demand  
Capital cost for the option  <$0.25M $0.25-$1.0M >$1.0M 
Annual operating and maintenance cost  <$50,000 $50,000-$100,000 >$100,000 
Is the technology proven?  Yes Sometime used No 
Energy requirements   Low Medium High 
Ease of operation  Fully automated 
Some manual 
input 
Manually 
operated 
Downstream income   Economic Profitable 
Positive benefit 
within TBL 
Positive total 
benefit within 
TBL 
Shire resources to implement the option  No resources required  
Minimum 
resources 
required  
Resources 
required  
Potential external funding   
Fully 
sponsored by 
external 
sources 
Partly 
sponsored by 
external 
sources 
Minimum 
sponsored by 
external 
sources 
Employment   Long term employment 
Short-term and 
long-term 
employment 
Sort term 
employment 
only  
Downstream environmental impact   Low risk Medium risk High risk 
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4 Conclusions 
The proposed methodology facilitates prioritisation of water management options in the WA Rural 
Towns.  The framework has been adopted by the RT-LA project team to guide the project through the 
investigations of the next 12 towns. 
The framework identifies the most important issues related to townsite water management, which 
provides a number of benefits: 
• Identification of the research focus area within each town; 
• Simultaneous identification of issues and opportunities which could be addressed by townsite 
water management plans; 
• Linkage of water demands with potential water resources; 
• Engagement of local community in the decision make process ; and 
• The structured format for a further expert system development. 
The framework is applicable at various stages of the townsite investigations and water management 
plan development: 
• Research initiation which can be focused on the identify priority issue; 
• Selection of water management options to utilise local water resources and match them to 
townsite water demands; and 
• Prioritisation of the water management options in consultation with the local community. 
It is anticipated that the framework will be advanced during the next stages of the RT-LA project with 
opportunities possible in the following areas: 
Advancement in the integration of the social aspects in FPWMO, which will provide a greater 
community engagement in the water management plan design and therefore ensure the community 
ownership of the plan and its implementation;  
Deliver greater scientific platform for the expert system and multi-criteria analysis; and  
Potential computerisation of the framework aiming for design of a user-friendly tool for decision 
making process by various stakeholders. 
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1 Introduction 
The principal aim for all the stakeholders is to provide a strategy for water management. The project 
has three broad water management objectives for each town: 
• To identify opportunities for ground and surface water resource development, primarily for 
irrigation purposes; 
• Salinity and waterlogging management; and  
• To identify socio-economic opportunities associated with water resources. 
Through research undertaken by various stakeholders on all components for the water cycle and 
water usage within Lake Grace, and in consultation with the Shire, the following water management 
options were identified: 
Option 1: Utilise the existing sports dam and sports dam catchment for irrigation within Lake Grace 
town.  
Option 2a: Capture stormwater run-off from the town and farmland east of Kulin-Lake Grace Rd (east 
of townsite) via a sump then pump it to the existing dam for storage.  
Option 2b: Capture stormwater run-off from the town and farm farmland east of Kulin-Lake Grace Rd 
(east of townsite) via a sump then pump it to a new dam for storage.  
Option 3: Capture stormwater run-off from two catchments, east of Kulin-Lake Grace Rd (east of 
townsite) and north of Stubbs Rd (north of townsite) into drainage channels by-passing the townsite to 
alleviate waterlogging/inundation problem. 
1.1 Objectives of this Study 
Kellogg Brown and Root Pty Ltd (KBR) was appointed by the Department of Agriculture to undertake 
engineering analysis of the water management options. The objectives of the engineering analysis 
and purpose of this document are to: 
• Quantify the volume of water which can be harvested in each engineering option and compare this 
with existing water demand for irrigation; 
• Identify the capital requirements for each proposed option; and 
• Identify the capital as well as operation and maintenance cost associated with each proposed 
option. 
The engineering analysis is preliminary based upon limited site specific data. Further design would 
have to be undertaken at a later stage prior to implementation of any of the options. 
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2 Town Water Demand 
Existing water demand for irrigation has been identified at the oval within the townsite. This demand is 
currently being supplied by catchment water from the existing sports dam and augmented by scheme 
water when the dam is dry. The watering demand for Lake Grace is outlined in Table 2.1, which 
combines information supplied by DAWA and CSIRO. 
Total watering demand outlined is lower than the value reported by CSIRO (63 ML/year). CSIRO 
obtained their figure from reported total usage of 45 ML/year of catchment water and 18 ML/year of 
scheme water, and not based on any watering rates or area being watered. The figure presented in 
Table 2.1 was derived based on watering rates advised by DAWA.  
Table 2.1. Lake Grace irrigation water demand 
Location of demand Area 
(hectares) 
Watering 
rate/day 
(kL/day) 
Watering 
depth 
(mm/week) 
Frequency 
per week 
Watering 
months per 
year 
Annual 
volume 
(kL/year) 
Oval 4.0 200 35 7 9  
(Sept-May) 
50,400 
Total 4.0     50,400 
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3 Option 1 - Existing Sports Dam 
Water demand for irrigation at the oval is supplied by the existing sports dam, which has a capacity 
65 ML. The dam is fed by a roaded catchment of 27.8 hectares. An existing pipe (90 mm) and pump 
supply water to the demand points. As per advice from the RT-LA team, inlet, outlet and overflow 
structures at the dam also require upgrade. A schematic of this option is shown in Figure 3.1.  
The requirements for this option are to: 
• Undertake yield analysis at the existing dam and determine the likely yield based on historical 
rainfall data;  
• Undertake yield analysis on the roaded catchment to improve its run-off reliability; and 
• Determine requirements for upgrade of the inlet, outlet and overflow structure at the dam.    
3.1 Engineering Methodology and Assumptions 
This option requires a yield analysis to be performed on the dam and roaded catchment to quantify 
volume of water available for irrigation. Subsequently, the size of the pipe and pump from the dam 
required to supply peak demand is to be verified. 
The yield analysis was performed using a monthly water balance from a spreadsheet model 
developed in EXCEL, which requires the following inputs: 
• Monthly rainfall and evaporation data; 
• Area and threshold of the roaded catchment; 
• Monthly water demand. 
3.1.1 Geometry of the existing sports dam 
Sizing of pipe and pump for this scheme requires peak demand and ground surface levels between 
the sports dam and the demand points. 
3.1.2 Data Availability and Assumptions 
Rainfall and Evaporation Data 
Monthly rainfall data for Lake Grace Station 010614 were obtained from the Bureau of Meteorology. 
Only the last 10 years (1994 to 2004) was used in the water balance. This would provide a more 
conservative result on the yield considering the reduction in rainfall in WA during recent years. An 
annual rainfall average over 90 years of record showed that it was 16% higher than the average over 
the last 10 years. 
Average monthly evaporation data from Ongerup Station 10622 was used in the analysis, as the 
nearest station to Lake Grace with recorded evaporation. 
Area and Threshold of Roaded Catchment 
The area of the roaded catchment supplied by DAWA was 27.8 hectares, and has been assumed to 
be accurate for the purpose of this water balance. 
A threshold of 8 mm was used for the roaded catchment based on DAWA advice. Any rainfall 
recorded daily (between 1994 and 2004) greater than 8 mm was assumed to produce run-off into the 
dam. A monthly run-off volume and hence run-off coefficient was then derived from the daily rainfall 
record between 1994 and 2004. The derived run-off coefficient was then used in the monthly water 
balance to obtain the portion of monthly rainfall which produces run-off.   
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Monthly and Peak Water Demand 
Monthly water demand was calculated based on the pattern described in Table 2.1 and taking into 
account the different water pattern at each demand point. A water demand of 140 mm/month or 
5600 kL/month for 4 hectares of irrigation area was used. Following discussions with RT-LA team, 
watering was assumed to be between September and May every year.  
Peak water demand was estimated based on the maximum watering rate at any one time, which is 
200,000 L/day at the sports oval (4 hectares).  DAWA advised that the existing watering pattern is 15 
minutes/station/day at 17 stations or a total watering duration of 4.25 hours per day. Thus, a peak 
demand of 13.1L/s was used for sizing of pipe and pump.  
Features of Existing Sports Dam 
Geometry of the existing sports dam has to be assumed. It was given by DAWA that the sports dam 
has a capacity of 65,000 kL. Surface area at the top and bottom water level was estimated based on 
measurements from an aerial photograph. A dam depth and slope was then assumed and adjusted to 
meet the given dam capacity, which was 6 m and 1:3, respectively.  
No specific data were available on seepage from the dam. For the purpose of this analysis it was 
assumed that the seepage is 5% of the monthly volume stored in the dam. The dam was assumed to 
be empty at the beginning of the simulation period. 
Surface Levels 
The surface level at the dam and demand point was taken from 10 m ground level contours supplied 
by DAWA. The top water level at the dam and water level at the demand point is assumed to be at the 
ground level depicted by the contours.  
Pump Operation 
A minimum water depth of 0.5 m was to be retained in the dam at all times. This minimum depth is 
necessary to ensure optimal operation of the pump.   
Pipe Velocity 
Peak demand/flow rate and a pipe velocity of 1 m/s were used to size all pipes. 
3.2 Results of Engineering Analysis 
Dam Yield 
Results from the water balance analysis reveal that dam has an average annual yield of 19 ML based 
on the last 10 years of rainfall record. This yield represents 38% of the current water demand, which is 
50 ML/year. The annual yield is also less than the 65 ML capacity of the existing sports dam. 
Another analysis was performed on the size of catchment to achieve a dam yield that would satisfy 
demand. It was found that at a catchment of 46 hectares (that is an additional 18.3 hectares), there 
was an average yield of 35 ML/year. Beyond 50 hectares, the size of the dam becomes deficient. 
Therefore, it would not be cost effective to increase the size of the catchment larger than 50 hectares 
as the dam will overflow and yield is not maximised beyond 35 ML/year. The 35 ML/year yield 
represents 70% of existing water demand at Lake Grace.  
A detailed output from the water balance is in Attachment A. The pipe and pump size required for this 
scheme is outlined in that section. Results of the engineering analysis, which includes a profile plot of 
the pipe route and system curve for the pump are shown in Attachment C. 
 J6
APPENDIX J: ENGINEERING OPTIONS 
Existing Pipeline 
It is reported that the existing pipeline is 90 mm diameter. At this size, it is only feasible to produce 3 
L/s at 84 m head. At peak demand the flow rate required is 13 L/s and would require a 150 mm pipe. 
There are storage tanks available at the ovals with a total capacity of 202 kL. Thus it is possible to 
feed the tank at the existing maximum pumping rate of 3 L/s. This would require 18 hours of pumping 
per day to fill the tank to later supply the 13 L/s demand. 
3.3 Capital Investment and Costs 
The capital requirements and costs for these options are shown in Table 3.1. The capital requirements 
and costs are provided for KBR commercial rates, the basis of which is described in Section 3.4.1, and 
DAWA/Shire rates, the basis of which is described in Section 3.4.2.  Additional assumptions for the 
rates and cost details are included in Attachment D. 
KBR Commercial Rates 
The cost estimates on capital requirements for KBR commercial rates are based on:   
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as per Section 3.2.  
Construction Assumptions: 
• All works are quality controlled and adhere to construction and engineering standards for quality 
assurance of the product 
• Works will be fully supervised and comply with Work Safe regulations 
• Work contractors are fully insured and have total liability for construction and accept risks for 
completion eg material and labour conditions 
• Work contractors will conduct testing and commissioning of installed equipment (eg pressure 
testing of pipes) 
• Excavation assumed as in rippable ground. Rock excavation excluded 
• Assumed dam access reasonably dry 
• Assumed power supply is available at the location of the pumps 
• Assumed power supply to pump stations adjacent - no allowance for incoming supplies. 
Cost Assumptions: 
• Land cost excluded 
• GST excluded 
• Inflation excluded 
• Environmental management excluded 
• Costs for supervision of work by DAWA or Shire Representative excluded 
• Unit rate for electrical power of $0.17/kWh was assumed. 
All estimates are based on the current commercial construction rates in Western Australia and assume 
a competitive tender process. 
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Costs may be further refined when options are further optimised at the detailed engineering design 
stage. 
Cost estimates for the application of polymers to utilise 5 mm rainfall run-off were not supplied to KBR 
and have not been included in this cost estimate. 
DAWA/Shire Rates 
The cost estimates on capital requirements for DAWA/Shire rates are based on rates provided by 
David Stanton and Mark Pridham from the Department of Agriculture from experience from past 
projects. 
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as per section 3.2.  
Construction Assumptions: 
• Excavation assumed as in rippable ground; rock excavation excluded 
• Dam access reasonably dry. 
Cost Assumptions: 
• Land cost excluded 
• GST excluded 
• Inflation excluded 
• Environmental management excluded. 
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Table 3.1 Capital and operation and maintenance cost for Option 1 
Capital items Details 
KBR 
Commercial 
Rates 
($) 
20%+30% 
DAWA/Shire
Rates 
($) 
Increase size of town dam 
roaded catchment 
Additional 18.3 hectares 109,800 91,500 
Upgrade inlet structure for 
existing town dam 
 2,800 500 
Upgrade outlet structure for 
existing town dam 
 4,283 500 
Upgrade overflow structure for 
existing town dam 
 14,310 2,960 
Location allowance (30%) Adjustment for regional location 
factor eg transportation etc as costs 
are based on metro rates 
39,358 - 
Sub-total capital costs 170,551 95,640 
Additional project costs    
General contractors prelims 
(20%) 
For mobilisation/demobilisation, site 
set-up, site clean-up etc 
34,110 - 
EPCM fees (@10% of cost) Engineering, Procurement, 
Construction and Management fees 
20,466 - 
Contingency (@10% of cost)  20,466 - 
Sub-total for additional project costs 75,042 - 
Total for capital investment 245,594 65,460 
Operation and Maintenance 
items 
Details Cost ($/year)  
Pump operation (3L/s @ 85m 
head) 
18hrs/day, 7days/week, 
9months/year of 7.5kW pump and 
$0.17/kWh 
5,783  
Maintenance personnel & 
repairs 
$80/hr 2hrs/week 7months/year 4,480  
Total for operation and maintenance 10,263  
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Figure 3.1. Schematic for Option 1 Sports dam to oval 
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4 Option 2a - Surface Run-off to Existing Dam 
Residential and farmland surface run-off to the east of the Kulin-Lake Grace Rd (east of townsite) is to 
be collected at the location of an existing sump and pumped into the existing sports dam for storage 
for irrigation of the town ovals. The existing sump would need to be resized.  
It is also reported that some flooding occurs in the town site due to run-off from this catchment. DAWA 
team believed that flooding is caused mainly due to a culvert at the intersection of Stubbs St and 
Kulin-Lake Grace Rd, which conveys run-off from the catchment into a pipe then open drain section 
toward the sump, being undersized. The size of the culvert was reported to be one 900x450mm. The 
size of this piped then open drain section from the culvert to the sump is not known. As such, 
investigation into the drainage arrangement for this section is also required in this option.    
The requirements for this option are: 
• Determine volume of surface run-off which can be captured  
• Upgrade the existing sump; 
• Assess the drainage arrangement at the culvert and piped-open drain; and 
• Yield analysis for the existing sports dam with the augmentation of town and farm surface run-off. 
A schematic for this option is shown in Figure 4.1.  
4.1 Engineering Methodology and Assumptions 
The analyses required in this option include: 
• Quantifying volume of surface run-off from residential and farmland, and peak flow events; 
• Sizing of the sump and pump for surface run-off collection, and for pumping from the sump to the 
existing sports dam. 
Considering that this option has several elements that are common the discussion below will 
concentrate on those components that represent the key elements of the option. 
4.1.1 Surface Run-off 
Monthly volume of surface run-off from town and farm site was estimated based upon daily rainfall 
data for the last 10 years after applying a run-off coefficient, and a 1 in 5 year extreme rainfall event as 
daily rainfall threshold. 1 in 5 year extreme daily rainfall event was calculated as per the Rational 
Method (ARR 1987). 
It was assumed that any run-off exceeding the 1 in 5 year rainfall event will not be collected i.e. it will 
overflow the collection sump. Thus the 1 in 5 year daily rainfall threshold of 26.85 mm was used, which 
was based on the peak flow analysis of rainfall intensity and duration for the 1 in 5 year event 
applicable to the boundary of the residential land and farmland (see Section 4.2.2). 
The boundary of surface run-off for the residential and farmland catchment (Figure 4.1) was 
determined based on 10 m topographic information and known existing drainage arrangement. Only 
two catchment surface types were considered, which were pervious (bush, vegetation, garden and 
farmland) and impervious (residential). It should be noted that this catchment boundary also 
encompasses a privately owned dam and catchment. The area determined to be the catchment for 
this privately owned dam has been omitted from analysis.  
The total area for this catchment was estimated to be 177.6 hectares comprising 167.2 ha of pervious 
and 10.4 ha of impervious surface.  
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A run-off coefficient of 0.9 was assumed for the impervious area, which is the residential area (ARR 
1987). As the farmland proportion is large, this catchment is treated as a small rural catchment and not 
an urban catchment, thus a threshold approach was used to estimate run-off. A threshold of 25 mm 
was assumed for this farmland catchment. The same daily rainfall data as in Option 1 were used here. 
4.1.2 Peak Surface Run-off 
Peak surface run-off is required to size new drainage structures, namely the new sump and drainage 
channel. It was assumed that the sump would contain peak flow from a single extreme 1 in 5 year 
rainfall event. Any drainage channel would be sized for peak run-off from the 1 in 10 year rainfall 
event.  
The Rational Method applicable to small rural catchments for the southwest of Western Australia as 
described by Australian Rainfall and Run-off – A Guide to Flood Estimation Volume 1 (1987), was 
used to determine the peak flow. For the 1 in 5 year rainfall event, a peak flow of 1357 L/s with a time 
of concentration of 196.2 minutes and rainfall intensity of 8.21 mm/hour was estimated. For the 1 in 10 
year rainfall event, a peak flow of 1589 L/s with a time of concentration of 196.2 minutes and rainfall 
intensity of 9.61 mm/hour was estimated. The time of concentration for this catchment is due to its 
large size and its rural nature. 
4.1.3 Existing drainage  
Based on advice from the RT-LA team, the existing drainage system along Kulin-Lake Grace Road 
consists of two 440 mm culverts under the rail line opposite DAWA office, followed by a 900x450mm 
box culvert at CBH. At the main road there are three 1200x600mm box culverts, changing to two 750 
mm on the other side of the road. Downstream of the culverts, the system becomes an open channel.  
There is evidence suggesting that the culverts at CBH and just outside of DAWA office are under 
capacity.  
The drainage channel along the road was assumed to require an upgrade to cater for a 1 in 10 year 
rainfall event. It was sized for a peak flow of 1589 L/s, which corresponds to a 1 in 10 year rainfall 
event. A freeboard of 0.3m was also assumed for the drainage channel.  
4.1.4 Sump and Pump 
All sumps were sized for a peak flow of 1357 L/s to cope with a 1 in 5 year rainfall event. Sumps were 
assumed to be lined and thus allow no infiltration or leakage. Considering that the water would be 
pumped out, no evaporation of run-off from the sump has been assumed. Therefore, volume of water 
estimated from surface run-off analysis was pumped and resulted as inflow into the existing dam.  
The pumping arrangement at the collection sump was assumed to be such that there will be two 
pumps to act as duty/assist and duty/standby. The pump was sized based on the sump size that would 
cause minimal aesthetic issues. 
To size the sump, an inflow hydrograph was assumed such that the peak flow occurs at the time of 
concentration determined by the Rational Method (see Attachment B for typical inflow hydrograph).  
Pipes and Pumps 
All pipes were sized by assuming a maximum velocity of 1 m/s.  
Reticulation pipes were sized at the peak demand of 13.1 L/s as per Option 1. Reticulation pumps 
were sized to produce the peak flow rate and with enough pressure head to overcome friction losses 
and static head based on the ground surface profile. 
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4.2 Results of Engineering Analysis 
The results for the key components of these options can be summarised: 
Surface Run-off 
Based on the last 10 years of rainfall record the average annual surface run-off which could be 
collected from the residential and farmland catchment is 59 ML/year. Detailed outputs of the analysis 
are shown in Attachment B. 
Total Yield from Option 2a   
The residential and farmland surface run-off, and yield from the existing sports dam produce a 
combined average annual yield of 50 ML/year, and would supply 100% of current water demand, 
which is 50 ML/year. 
Results from the dam water balance also suggest that there is water in excess of demand in the dam. 
As such, a separate analysis was undertaken to determine the maximum yield from the dam. It was 
found that the dam can produce annual average of 69 ML/year provided that all available water is 
withdrawn, and the dam is kept at its minimum depth. Thus after satisfying the existing demand of 
50 ML/year, there is an excess of 19 ML/year available for future use. 
Details of this yield analysis are shown in the water balance analysis in Attachment A. 
Existing Drainage Arrangement 
A check was performed on the capacity of the existing culverts at the railway at CBH and DAWA office 
at the intersection of Kulin-Lake Grace Road and Stubbs Road. With limited knowledge of the invert 
levels of the culvert a slope of 1% was assumed. It was found that the two 440 mm pipe culverts and 
the 900 mmx450 mm box culvert are under capacity to cater for the 1 in 5 year rainfall event (1357 L/s 
peak flow). 
It was assumed that these culverts would need to be upgraded. 
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4.3 Capital Investment and Costs 
The capital requirements and costs for these options are shown in Table 4.1. The capital requirements 
and costs are provided for KBR commercial rates, the basis of which is described in Section 4.4.1, and 
DAWA/Shire rates, described in Section 4.4.2.  Additional assumptions for the rates and cost details 
are included in Attachment D. 
KBR Commercial Rates 
The cost estimates on capital requirements for KBR commercial rates are based on the following 
assumptions.   
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as per Section 4.2.  
Construction Assumptions: 
• All works are quality controlled and adhere to construction and engineering standards for quality 
assurance of the product 
• Works will be fully supervised and comply with Work Safe regulations 
• Work contractors are fully insured and have total liability for construction and accept risks for 
completion e.g. material and labour conditions 
• Work contractors will conduct testing and commissioning of installed equipment (e.g. pressure 
testing of pipes) 
• Excavation as in rippable ground; rock excavation excluded 
• Dam access reasonably dry 
• Power supply is available at the location of the pumps 
• Power supply to pump stations adjacent - no allowance for incoming supplies. 
Cost Assumptions: 
• Land cost excluded 
• GST excluded 
• Inflation excluded 
• Environmental management excluded 
• Costs for supervision of work by DAWA or Shire Representative excluded 
• Unit rate for electrical power of $0.17/kWh  
• All estimates are based on the current commercial construction rates in Western Australia and 
assume a competitive tender process. 
Costs may be further refined when options are further optimised at the detailed engineering design 
stage. 
Cost estimates for the application of polymers to utilise 5 mm rainfall run-off were not supplied to KBR 
and have not been included in this cost estimate. 
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DAWA/Shire Rates 
The cost estimates on capital requirements for DAWA/Shire rates are based on rates provided by 
David Stanton and Mark Pridham from the Department of Agriculture based on past experience. 
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as per section 4.2.  
Construction Assumptions: 
• Excavation as in rippable ground; rock excavation excluded 
• Dam access reasonably dry. 
Cost Assumptions: 
• Land cost excluded 
• GST excluded 
• Inflation excluded 
• Environmental management excluded. 
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Table 4.1. Capital and operation and maintenance costs for Option 2a 
Capital items Details 
KBR Commercial 
Rates 
($) 20%+30% 
DAWA/Shire
Rates 
($) 
Upgrade inlet structure for existing sports 
dam 
 3,200 500 
Upgrade outlet structure for existing 
sports dam 
 4,283 500 
Upgrade overflow structure for existing 
sports 
 14,310 2,960 
Upgrade drainage channel along Kulin-
Lake Grace Road for 1:10year peak flow 
400m long, 2m bottom width, 1:4 
side slope, 1m deep 
48,500 1,000 
New culverts at CBH 2x750mm 10m long 
New culverts outside DAWA office 1x900mmx450mm 10m long 
57,906 57,906 
New sump 71×71×2.5m fully lined 220,980 28,727 
Pump from new sump to existing sports 
dam 
1×3 L/s @ 95m head 30,770 26,980 
Pipe to connect from new sump to existing 
pipe route to sports dam 
Extra 260m of 90mm main with class 
9 pressure rating  
22,110 12,874 
Location allowance (30%) Adjustment for regional location 
factor eg transportation etc as costs 
are based on metro rates 
122,718 - 
Sub-total capital costs 531,777 131,447 
Additional project costs    
General contractors prelims (20%) For mobilisation/demobilisation, site 
set-up, site clean-up etc 
106,355 - 
EPCM fees (@10% of cost) Engineering, Procurement, 
Construction and Management fees 
63,813 - 
Contingency (@10% of cost)  63,813 - 
Sub-total for additional project costs 223,981 - 
Total for capital investment 765,759 131,447 
Operation and Maintenance items Details Cost ($/year)  
Operation of pump from existing sports 
dam to oval  (3L/s @ 85m head) 
18hrs/day, 7days/week, 
9months/year of 7.5kW pump and 
$0.17/kWh 
5,783  
Operation of pump from sump to sports 
dam (3L/s @ 95m head) 
Nominal operation: 12hrs/day, 
3days/week, 6months/year of 7.5kW 
pump and $0.17/kWh 
1,102  
Maintenance personnel & repairs $80/hr 2hrs/week 7months/year 4,480  
Total for operation and maintenance 11,526  
APPENDIX J: ENGINEERING OPTIONS 
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Figure 4.1. Schematic for Option 2a surface run-off to existing sports dam 
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5 Option 2b – Surface Run-off to New dam 
This is similar to Option 2a except the surface run-off from the eastern catchment would be collected 
and stored at a new dam instead of the existing sports dam. A schematic is shown in Figure 5.1. 
5.1 Engineering Methodology and Assumptions 
The engineering analysis required is the same as that performed for Option 2a, only the outcomes 
associated with pipe lengths and pumping head will differ due to the pipe route arrangement and 
location of infrastructure. Thus, refer to Section 4.2 for engineering methodology. 
One addition was a yield analysis or water balance to size the new dam. The methodology uses the 
water balance approach outlined in Option 1, but in this case the geometry as well as capacity of the 
dam needs to be assumed. An iterative process applied to vary the geometry and capacity of the dam 
until no overflow was observed. It is important to note that the size has been based on the last 10 
years of rainfall record and surface run-off.  
One further assumption was made in the location, based on advice from RT-LA. It has been assumed 
that the site will be obtainable. 
5.2 Results of Engineering Analysis 
Town and Farm Site Surface Run-off 
As for Option 2a, the average annual town and farm surface run-off was estimated to be 59.4 ML/year. 
New Dam Yield 
The size of the new dam required is 77 ML assuming shape of 126x126x6m at a 1:3 side slope. The 
yield is 36 ML/year representing approximately 72% of existing water demand, which is 50 ML/year. 
The yield from Option 2b is less than 2a, as augmentation from the sports dam is not included.  
Existing Drainage Arrangement 
As per Option 2a, it was found that two 440 mm pipe culverts and the 900x450mm box culvert at CBH 
and outside DAWA office are under capacity to cater for the 1 in 5 year rainfall event (1357 L/s peak 
flow). It is assumed that these culverts would need to be upgraded. 
5.3 Capital Investment and Cost  
The capital requirements and costs for these options are shown in Table 5.1. The capital requirements 
and costs are provided for KBR commercial rates, the basis of which is described in Section 5.4.1, and 
DAWA/Shire rates, the basis of which is described in Section 5.4.2.  Additional assumptions for the 
rates and cost details are included in Attachment D. 
KBR Commercial Rates 
The cost estimates on capital requirements for KBR commercial rates are based on the following:   
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as Section 5.2.  
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Construction Assumptions: 
• All works are quality controlled and adhere to construction and engineering standards for quality 
assurance of the product 
• Works will be fully supervised and comply with Work Safe regulations 
• Work contractors are fully insured and have total liability for construction and accept risks for 
completion e.g. material and labour conditions 
• Work contractors will conduct testing and commissioning of installed equipment (eg pressure 
testing of pipes) 
• Excavation as in rippable ground; rock excavation excluded 
• Assumed dam access reasonably dry 
• Assumed power supply is available at the location of the pumps 
• Assumed power supply to pump stations adjacent - no allowance for incoming supplies. 
Cost Assumptions: 
• Land cost excluded. 
• GST excluded. 
• Inflation excluded. 
• Environmental management excluded. 
• Costs for supervision of work by DAWA or Shire Representative excluded. 
• Unit rate for electrical power of $0.17/kWh was assumed. 
All estimates are based on the current commercial construction rates in Western Australia and assume 
a competitive tender process. 
Costs may be further refined when options are further optimised at the detailed engineering design 
stage. Cost estimates for the application of polymers to utilise 5 mm rainfall run-off were not supplied 
to KBR and have not been included. 
DAWA/Shire Rates 
The cost estimates on capital requirements for DAWA/Shire rates are based on rates provided by 
David Stanton and Mark Pridham from the Department of Agriculture based on experience. 
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as per section 5.2.  
Construction Assumptions: 
• Excavation as in rippable ground; rock excavation excluded 
• Assumed dam access reasonably dry. 
Cost Assumptions: 
• Land cost excluded 
• GST excluded 
• Inflation excluded 
• Environmental management excluded. 
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Table 5.1. Capital and operation and maintenance costs for Option 2b 
Capital items Details 
KBR 
Commercial 
Rates 
($) 
20%+30% 
DAWA/Shire Rates 
($) 
Upgrade drainage channel along 
Pingrup-Lake Grace Road for 1:10 
year peak flow 
400m long, 2m bottom width, 1:4 side 
slope, 1m deep 
48,500 1,000 
New culverts at CBH 2x750mm 10m long 
New culverts outside DAWA office 1x900mmx450mm 10m long 
57,906 57,906 
269,458 (with liner) New dam 77ML capacity 126m×126m×6m with 1:3 
side slope 
303,550 (fully 
lined) 169,758 (without liner) 
Reticulation line from new dam to oval  Extra 100m of 90mm main with class 9 
pressure rating 
11,550 7,690 
Pump from new dam to oval  6L/s @ 22m head 30,770 27,230 
New sump 71×71×2.5m fully lined 227,980 28,727 
Pump from new sump to new dam 1×6 L/s @ 31m head 30,770 27,230 
Pipe to connect from new sump to 
new dam  
700m of DN90mm PVC with class 9 
pressure rating 
30,700 27,130 
Location allowance (20%) Adjustment for regional location factor eg 
transportation etc as costs are based on 
metro rates 
228,653 - 
446,370 (with liner) Sub-total capital costs 1,188,995 
346,670 (without liner) 
Additional project costs    
General contractors prelims (20%) For mobilisation/demobilisation, site set-
up, site clean-up etc 
198,166 - 
EPCM fees (@10% of cost) Engineering, Procurement, Construction 
and Management fees 
118,899 - 
Contingency (@10% of cost)  118,899 - 
Sub-total for additional project costs 435,964 - 
446,370 (with liner) Total for capital investment 1,426,793 
346,670 (without liner) 
Operation and Maintenance items Details Cost ($/year)  
Operation of pump from existing 
sports dam to oval  (6L/s @ 22m 
head) 
9hrs/day, 7days/week, 9months/year of 
7.5kW pump and $0.17/kWh 
2,892  
Operation of pump from sump to 
sports dam (6L/s @ 31m head) 
Nominal operation: 6hrs/day, 3days/week, 
6months/year of 7.5kW pump and 
$0.17/kWh 
551  
Maintenance personnel & repairs $80/hr 2hrs/week 7months/year 4,480  
Total for operation and maintenance 7,923  
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Figure 5.1. Schematic for Option 2b surface run-off to new dam
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6 Option 3 – Management of Surface run-off  
It has been that reported that the inundation/waterlogging at the Lake Grace townsite is due to run-off 
coming from the farmland catchments to the north an east of the townsite. Thus, to alleviate 
waterlogging, and hence reduce salinity risks, surface run-off from the two catchments is to be 
collected via drainage channels and discharged into natural drainage pathways which will eventually 
drain into the salt lake system west of the town. Some upgrades of the existing drainage systems 
along Kulin-Lake Grace Road, particularly a series of culverts at the CBH and outside DAWA office, 
are proposed to cope with the 1 in 5 year storm event. A new cut-off drain is proposed along Boulton 
Street and Dewar Street to collect surface run-off from the northern catchment.  
The requirements for this option are: 
• Determine volume of surface run-off which can be captured from eastern and northern 
catchments;  
• Upgrade the existing sump and drainage along the Kulin-Lake Grace Road; 
• Install a new cut-off drain; and  
• Size all drainage features. 
A schematic for this option is shown in Figure 6.1. 
6.1 Engineering Methodology and Assumptions 
The analyses required in this option include: 
• Quantifying volume of surface run-off from town and farm sites, and peak flow events; 
• Sizing of the sump for surface run-off collection 
• Determine the upgrade requirement for the drainage channel along Pingrup-Lake Grace Road; 
and 
• Determine the design requirement for the installation of a drainage channel along Boulton Street 
and Dewar Street.  
6.1.1 Town and Farm Sites Surface Run-off 
Monthly volume of surface run-off from town was estimated based upon daily rainfall data for the last 
10 years after applying a run-off coefficient. 
The boundary of surface run-off for the eastern catchment (Figure 6.1) is the same as option 2. The 
pervious and impervious areas for the eastern are as listed in Option 2, which were 167.2 and 10.4 
hectares, respectively. 
The boundary of surface run-off for the northern catchment was determined based on 10 m 
topographic information for the town. Only one catchment surface type was considered, which was 
pervious (bush, vegetation and garden). The estimated pervious area was 139.6 hectares.  
Run-off coefficient of 0.9 was assumed for impervious surface (ARR 1987). The threshold approach 
was used to determine run-off from pervious surface due its rural nature. The threshold was 25 mm, 
thus run-off is produced if daily rainfall exceeds 25 mm. The same daily rainfall data as in Option 1 
was used here. 
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6.1.2 Peak Surface Run-off 
Peak surface run-off is required to size drainage structures, namely the existing sump and drainage 
channels. It was assumed that the sump would contain peak flow from a single extreme 1 in 5 year 
rainfall event. Any drainage channel would be sized for peak run-off from the 1 in 10 year rainfall 
event.  
The Rational Method as described by Australian Rainfall and Run-off – A Guide to Flood Estimation 
Volume 1 (1987), was used to determine the peak flow. For the northern catchment, a peak flow of 
1074L/s with a time of concentration of 166.2 minutes and rainfall intensity of 9.23 mm/hour was 
estimated for the 1 in 5 year rainfall event. For the 1 in 10 year rainfall event, a peak flow of 1248 L/s 
with a time of concentration of 166.2 minutes and rainfall intensity of 10.73 mm/hour was estimated.    
As for Options 2a and 2b, for the eastern catchment, a peak flow of 1357 L/s with a time of 
concentration of 196.2 minutes and rainfall intensity of 8.21 mm/hour was estimated for the 1 in 5 year 
rainfall event. For the 1 in 10 year rainfall event, a peak flow of 1589 L/s with a time of concentration of 
196.2 minutes and rainfall intensity of 9.61 mm/hour was estimated.    
6.1.3 Existing Drainage 
Eastern Catchment 
Based on advice from the RT-LA team, the existing drainage system along Kulin-Lake Grace Road 
consists of two 440 mm culverts under the rail line opposite DAWA office, followed by a 900x450mm 
box culvert at CBH. At the main road there are three 1200x600 mm box culverts changing to two 
750 mm culverts on the other side of the road. Downstream of the culverts, the drainage system 
becomes an open channel.  
There is evidence that the culverts at CBH and just outside of DAWA office are under capacity.  
The drainage channel along the road was assumed require an upgrade to cater for a 1 in 10 year 
rainfall event. It was sized for a peak flow of 1589 L/s, which corresponds to a 1 in 10 year rainfall 
event. A freeboard of 0.3m was also assumed for the drainage channel. 
Northern Catchment 
To collect the stormwater run-off the farm catchment on the northern side of town, a new drainage 
channel would be required along Boulton Street and Dewar Street. All drainage channels have been 
sized for a 1 in 10 year rainfall event, with a peak flow of 1248 L/s. A freeboard of 0.3 m was also 
assumed for the drainage channel.  
It is assumed that the existing sump will not require an upgrade as surface run-off is not collected but 
to drain to the natural drainage system around town and discharges into the salt lake system. Any 
overflow from the sump is outside of the townsite and is not a concern. Thus, the size of the sump 
does not require an upgrade. 
6.2 Results of Engineering Analysis 
6.2.1 Quantity of Surface Run-off Captured/Diverted Away From Town 
Based on the last 10 years of rainfall record the average annual surface run-off which can be collected 
is 60 ML/year and 16 ML/year from the catchment east of town and north of town, respectively. 
Detailed outputs of town surface run-off analysis are shown in Attachment B. 
This suggests that 60 ML/year and 16 ML/year of surface run-off is diverted away from the townsite, 
and hence reduce the quantity of shallow groundwater recharge via the surface water process 
accordingly. 
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Existing Drainage Arrangement for the Eastern Catchment 
As per Option 2a and 2b, it was found that the two 440 mm pipe culverts and the 900x450mm box 
culvert at CBH and outside DAWA office are under capacity to cater for the 1 in 5 year rainfall event 
(1357 L/s peak flow).  
These culverts would need to be upgraded to alleviate flooding in the townsite caused by choking, and 
to prevent this overflow from reaching the townsite as currently happens. 
6.3 Capital Investment and Costs 
The capital requirements and costs for these options are shown in Table 6.1 and described in 
Section 6.4.1, and DAWA/Shire rates, described in Section 6.4.2. Additional assumptions for the rates 
and cost details are included in Attachment D.  
KBR Commercial Rates 
The cost estimates on capital requirements for KBR commercial rates are based on:   
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as per Section 6.2.  
Construction Assumptions: 
• All works are quality controlled and adhere to construction and engineering standards for quality 
assurance of the product 
• Works will be fully supervised and comply with Work Safe regulations 
• Work contractors are fully insured and have total liability for construction and accept risks for 
completion eg material and labour conditions 
• Work contractors will conduct testing and commissioning of installed equipment (eg pressure 
testing of pipes) 
• Excavation as in rippable ground; rock excavation excluded 
• Dam access reasonably dry 
• Power supply is available at the pumps 
• Power supply to pump stations adjacent - no allowance for incoming supplies. 
Cost Assumptions: 
• Land cost excluded 
• GST excluded 
• Inflation excluded 
• Environmental management excluded 
• Costs for supervision of work by DAWA or Shire representative excluded 
• Unit rate for electrical power of $0.17/kWh. 
All estimates are based on current commercial construction rates in Western Australia and assume a 
competitive tender process. Costs may be further refined when options are further optimised at the 
detailed engineering design stage. 
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Cost estimates for the application of polymers to utilise 5 mm rainfall run-off were not supplied to KBR 
and have not been included in this cost estimate. 
DAWA/Shire Rates 
The cost estimates on capital requirements for DAWA/Shire rates are based on rates provided by 
David Stanton and Mark Pridham from the Department of Agriculture based on past experience. 
Engineering Assumptions: 
As the size of the existing pipe and pump at the sports dam is not known, pipe and pump have been 
included in the cost estimate. Pump and pipe have been sized as per Section 6.2.  
Construction Assumptions: 
• Excavation as in rippable ground; rock excavation excluded 
• Assumed dam access reasonably dry 
Cost Assumptions: 
• Land cost excluded 
• GST excluded 
• Inflation excluded. 
• Environmental management excluded. 
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Table 6.1. Capital and operation and maintenance cost for Option 3  
Capital items Details 
KBR 
Commercial 
Rates 
($) 
20%+30% 
DAWA/Shire
Rates 
($) 
Upgrade drainage channel along Kulin-
Lake Grace Road for 1:10year peak flow 
400m long, 2m bottom width, 1:4 
side slope, 1m deep 
48,500 1,000 
New culverts at CBH 2x750mm 10m long 
New culverts outside DAWA office 1x900mmx450mm 10m long 
57,906 57,406 
Install drainage channel along Boulton 
Street and Dewar Street for 1:10year peak 
flow 
1600m long, 2m bottom width, 1:4 
side slope, 1m deep 
176,500 4,000 
Location allowance (30%) Adjustment for regional location 
factor eg transportation etc as 
costs are based on metro rates 
84,872 - 
Sub-total capital costs 367,778 62,406 
Additional project costs Details Cost ($) 
(-20%+30%) 
 
General contractors prelims (20%) For mobilisation/demobilisation, 
site set-up, site clean-up etc 
73,556 - 
EPCM fees (@10% of cost) Engineering, Procurement, 
Construction and Management 
fees 
44,133 - 
Contingency (@10% of cost)  44,133 - 
Sub-total for additional project costs 161,822 - 
Total for capital investment 529,600 62,406 
Operation and Maintenance items Details Cost ($/year)  
Maintenance personnel & repairs $80/hr 2hrs/week 7months/year 4,480  
Total for operation and maintenance  4,480  
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Figure 6.1. Schematic for Option 3, management of surface run-off 
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7 Conclusion 
The water management options were identified for Lake Grace as outlined below: 
• Option 1: The existing sports dam and catchment to supply irrigation demand; 
• Option 2a: Collect surface run-off from town and farm site via a new sump and stored it in the 
existing sports dam to supply irrigation demand; 
• Option 2b: Collect surface run-off from town and farm site via a new sump and stored it in a new 
dam to supply irrigation demand; and 
• Option 3: Collect surface run-off from the catchment north and east of towns and redirect 
discharge around the town to alleviate waterlogging and salinity problems in town.  
The engineering analysis involved quantifying the water yield for each option and the associated 
capital, and operation and maintenance costs in each option. The engineering analysis is preliminary 
based upon limited site specific data. Accordingly further design would have to be undertaken at a 
later stage prior to implementation of any of the options. 
Results from the engineering analysis are summarised in the Table 7.1 and the capital investment 
costs are summarised in Table 7.2. 
Table 7.1. Yield for all options 
Option Average annual water yield 
(ML/year) 
% of demand 
(%) 
Excess water 
(ML/year) 
1 35 70 - 
2a 501 100 19 
2b 362 72 - 
3 - - - 
1. Yield combines run-off of 59.4ML/year town surface and 19ML/year from existing sports dam 
2. Yield combines run-off of 59.4ML/year town surface.  
Table 7.2. Cost for all options 
Option KBR 
Commercial 
Rates 
($) 
(Including 
location 
allowance)  
(-20%+30%) 
Additional 
Cost ($) 
(-20%+30%) 
KBR 
Commercial 
Rates1
Capital 
Investment 
Costs  
($) 
(-20%+30%) 
DAWA/Shire Rates1
Capital Investment 
Costs  
($) 
O & M Cost 
($) 
1 170,551 75,042 245,594 65,460 10,263 
2a 531,777 223,981 765,759 131,447 11,526 
446,370 (with liner) 2b 1,188,995 435,964 1,426,793 
346,670 (without liner 
7,923 
3 367,778 161,822 529,600 62,406 4,480 
1. See Capital Investment and Costs for calculation methodology and assumptions. 
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WATER BALANCE SPREADSHEET Summary
Lake Grace Average annual yield 32            [ML]
Option 1 Average monthly water demand 1.05               [ML/ha]
Average annual water demand 12.60             [ML/ha]
Max depth 6 m Max vol 65.72              ML Average annual water demand 50            [ML]
Catchment area 461,000        [m^2] Area-depth relationship Depth-volume relationship Volume -depth relationship Estimate of water demand Total extra water needed 18            [ML/yr]
Percent seepage 5 [%] c3 1.46E-11 x3 c3 2.60E-06 x3 c3 8.03E-03 Irrigation factor 0.75 % reliability 67            
Pan coefficient 0.776 [-] c2 2.83E+01 x2 c2 -6.37E-04 x2 c2 4.32E-01 Soil factor 1.1 Overflow from dam 0.02               ML/yr
Initial storage 0 [ML] c1 8.95E+02 x c1 1.22E-01 x c1 8.07E+00 Area of agriculture 4.0                 [ha]
Min depth in dam 0.5 m c0 7.09E+03 c0 4.24E-04 c0 6.32E-03
Month-Year Rainfall Runoff coeff Evaporation Runoff
Initial 
volume Initial depth
Initial surface 
area of the 
reservoir
Direct 
rainfall Evaporation Seepage Volume in dam
Min vol to be 
retained in dam
Monthly Effective 
evaporation
Monthly 
water 
demand
Total water 
demand
Nett Volume 
at the end of 
the month
Outflow from 
the dam
Pump 
operation
Depth at the 
end of the 
month
Overflow 
from dam Extra needed
Reliability 
factor
 Monthly 
water 
demand per 
ha
[mm] [mm] [ML] [ML] [m] [m^2] [ML] [ML] [ML] [ML] ML [mm] [mm] [ML] [ML] [ML] [KWhrs] [m] ML [ML] [ML/ha]
Jan-94 0.4 0.0000 244.9 0.0 -             -              -                 -             -                    -             0.0 4.2                         322                        140.0             5.6                         -                  -                     -                 -                -                5.6                1.0                  1.40              
Feb-94 3.4 0.0000 196 0.0 -             -              -                 -             -                    -             0.0 4.2                         286                        140.0             5.6                         -                  -                     -                 -                -                5.6                1.0                  1.40              
Mar-94 1.2 0.0000 167.4 0.0 -             -              -                 -             -                    -             0.0 4.2                         245                        140.0             5.6                         -                  -                     -                 -                -                5.6                1.0                  1.40              
Apr-94 0.2 0.0000 108 0.0 -             -              -                 -             -                    -             0.0 4.2                         120                        140.0             5.6                         -                  -                     -                 -                -                5.6                1.0                  1.40              
May-94 104.1 0.5476 68.2 26.3 26.3           2.81222      9,830             1.023         0.5                  1.314         25.5 4.2                         3                            140.0             5.6                         19.9                5.6                      2,198.78        2.1921          -                -                -                  1.40              
Jun-94 61.6 0.3019 48 8.6 28.4           3.01328      10,043           0.619         0.4                  1.422         27.3 4.2                         -                         -                 -                         27.3                -                     -                 2.9044          -                -                -                  -                
Jul-94 47 0.1106 49.6 2.4 29.7           3.12490      10,162           0.478         0.4                  1.483         28.3 4.2                         -                         -                 -                         28.3                -                     -                 2.9970          -                -                -                  -                
Aug-94 67 0.5134 62 15.9 44.1           4.36388      11,534           0.773         0.6                  2.206         42.1 4.2                         -                         -                 -                         42.1                -                     -                 4.2019          -                -                -                  -                
Sep-94 35 0.2971 87 4.8 46.9           4.58860      11,792           0.413         0.8                  2.346         44.2 4.2                         54                          140.0             5.6                         38.6                5.6                      2,198.78        3.9077          -                -                -                  1.40              
Oct-94 17 0.2941 136.4 2.3 40.9           4.10042      11,235           0.191         1.2                  2.045         37.9 4.2                         133                        140.0             5.6                         32.3                5.6                      2,198.78        3.3588          -                -                -                  1.40              
Nov-94 14.7 0.0000 180 0.0 32.3           3.35879      10,414           0.153         1.5                  1.613         29.3 4.2                         225                        140.0             5.6                         23.7                5.6                      2,198.78        2.5719          -                -                -                  1.40              
Dec-94 0.2 0.0000 232.5 0.0 23.7           2.57187      9,578             0.002         1.7                  1.187         20.8 4.2                         310                        140.0             5.6                         15.2                5.6                      2,198.78        1.7195          -                -                -                  1.40              
Jan-95 12.5 0.3520 244.9 2.0 17.3           1.92903      8,921             0.112         1.7                  0.863         14.8 4.2                         322                        140.0             5.6                         9.2                  5.6                      2,198.78        1.0721          -                -                -                  1.40              
Feb-95 5.6 0.0000 196 0.0 9.2             1.07209      8,081             0.045         1.2                  0.461         7.6 4.2                         286                        140.0             5.6                         4.2                  3.4                      1,341.69        0.4960          -                2.2                1.0                  1.40              
Mar-95 3.9 0.0000 167.4 0.0 4.2             0.49604      7,539             0.029         1.0                  0.208         3.0 4.2                         245                        140.0             5.6                         3.0                  -                     -                 0.3600          -                5.6                1.0                  1.40              
Apr-95 17.4 0.0000 108 0.0 3.0             0.36002      7,414             0.129         0.6                  0.150         2.4 4.2                         120                        140.0             5.6                         2.4                  -                     -                 0.2839          -                5.6                1.0                  1.40              
May-95 62.3 0.3114 68.2 8.9 11.3           1.30052      8,300             0.517         0.4                  0.565         10.8 4.2                         3                            140.0             5.6                         5.2                  5.6                      2,198.78        0.6188          -                -                -                  1.40              
Jun-95 67.4 0.2552 48 7.9 13.1           1.49866      8,494             0.572         0.3                  0.657         12.7 4.2                         -                         -                 -                         12.7                -                     -                 1.4559          -                -                -                  -                
Jul-95 136.8 0.3377 49.6 21.3 34.0           3.51549      10,585           1.448         0.4                  1.702         33.4 4.2                         -                         -                 -                         33.4                -                     -                 3.4574          -                -                -                  -                
Aug-95 33.6 0.0060 62 0.1 33.5           3.46553      10,531           0.354         0.5                  1.673         31.6 4.2                         -                         -                 -                         31.6                -                     -                 3.3035          -                -                -                  -                
Sep-95 50.8 0.3071 87 7.2 38.8           3.92739      11,041           0.561         0.7                  1.942         36.7 4.2                         54                          140.0             5.6                         31.1                5.6                      2,198.78        3.2556          -                -                -                  1.40              
Oct-95 49.9 0.6212 136.4 14.3 45.4           4.46651      11,651           0.581         1.2                  2.270         42.5 4.2                         133                        140.0             5.6                         36.9                5.6                      2,198.78        3.7613          -                -                -                  1.40              
Nov-95 7.6 0.0000 180 0.0 36.9           3.76131      10,856           0.083         1.5                  1.844         33.6 4.2                         225                        140.0             5.6                         28.0                5.6                      2,198.78        2.9724          -                -                -                  1.40              
Dec-95 18.6 0.0000 232.5 0.0 28.0           2.97243      9,999             0.186         1.8                  1.400         25.0 4.2                         310                        140.0             5.6                         19.4                5.6                      2,198.78        2.1435          -                -                -                  1.40              
Jan-96 2.6 0.0000 244.9 0.0 19.4           2.14352      9,137             0.024         1.7                  0.969         16.7 4.2                         322                        140.0             5.6                         11.1                5.6                      2,198.78        1.2790          -                -                -                  1.40              
Feb-96 5.6 0.0000 196 0.0 11.1           1.27900      8,280             0.046         1.3                  0.555         9.3 4.2                         286                        140.0             5.6                         4.2                  5.2                      2,033.04        0.4960          -                0.4                1.0                  1.40              
Mar-96 5.8 0.0000 167.4 0.0 4.2             0.49604      7,539             0.044         1.0                  0.208         3.0 4.2                         245                        140.0             5.6                         3.0                  -                     -                 0.3617          -                5.6                1.0                  1.40              
Apr-96 25 0.0640 108 0.7 3.7             0.44856      7,496             0.187         0.6                  0.187         3.1 4.2                         120                        140.0             5.6                         3.1                  -                     -                 0.3746          -                5.6                1.0                  1.40              
May-96 42.6 0.3568 68.2 7.0 10.1           1.17272      8,177             0.348         0.4                  0.506         9.5 4.2                         3                            140.0             5.6                         4.2                  5.4                      2,113.46        0.4960          -                0.2                1.0                  1.40              
Jun-96 103.6 0.3398 48 16.2 20.4           2.24320      9,239             0.957         0.3                  1.019         20.0 4.2                         -                         -                 -                         20.0                -                     -                 2.2028          -                -                -                  -                
Jul-96 164.9 0.4069 49.6 30.9 50.9           4.89992      12,154           2.004         0.5                  2.545         49.9 4.2                         -                         -                 -                         49.9                -                     -                 4.8217          -                -                -                  -                
Aug-96 54.5 0.0514 62 1.3 51.2           4.92168      12,180           0.664         0.6                  2.559         48.7 4.2                         -                         -                 -                         48.7                -                     -                 4.7288          -                -                -                  -                
Sep-96 68.7 0.1980 87 6.3 55.0           5.21054      12,521           0.860         0.8                  2.749         52.2 4.2                         54                          140.0             5.6                         46.6                5.6                      2,198.78        4.5659          -                -                -                  1.40              
Oct-96 21.7 0.1106 136.4 1.1 47.7           4.65348      11,867           0.258         1.3                  2.387         44.4 4.2                         133                        140.0             5.6                         38.8                5.6                      2,198.78        3.9216          -                -                -                  1.40              
Nov-96 28.1 0.2349 180 3.0 41.8           4.17488      11,319           0.318         1.6                  2.090         38.5 4.2                         225                        140.0             5.6                         32.9                5.6                      2,198.78        3.4113          -                -                -                  1.40              
Dec-96 8.4 0.0000 232.5 0.0 32.9           3.41131      10,472           0.088         1.9                  1.643         29.4 4.2                         310                        140.0             5.6                         23.8                5.6                      2,198.78        2.5779          -                -                -                  1.40              
Jan-97 0.4 0.0000 244.9 0.0 23.8           2.57788      9,584             0.004         1.8                  1.190         20.8 4.2                         322                        140.0             5.6                         15.2                5.6                      2,198.78        1.7161          -                -                -                  1.40              
Feb-97 16.8 0.0000 196 0.0 15.2           1.71614      8,708             0.146         1.3                  0.760         13.3 4.2                         286                        140.0             5.6                         7.7                  5.6                      2,198.78        0.8987          -                -                -                  1.40              
Mar-97 67.2 0.4732 167.4 14.7 22.3           2.43414      9,435             0.634         1.2                  1.116         20.6 4.2                         245                        140.0             5.6                         15.0                5.6                      2,198.78        1.6967          -                -                -                  1.40              
Apr-97 12.9 0.0000 108 0.0 15.0           1.69670      8,689             0.112         0.7                  0.751         13.6 4.2                         120                        140.0             5.6                         8.0                  5.6                      2,198.78        0.9420          -                -                -                  1.40              
May-97 56.8 0.1479 68.2 3.9 11.9           1.36803      8,366             0.475         0.4                  0.596         11.4 4.2                         3                            140.0             5.6                         5.8                  5.6                      2,198.78        0.6819          -                -                -                  1.40              
Jun-97 45.7 0.1138 48 2.4 8.2             0.95388      7,968             0.364         0.3                  0.408         7.8 4.2                         -                         -                 -                         7.8                  -                     -                 0.9157          -                -                -                  -                
Jul-97 34.6 0.0116 49.6 0.2 8.0             0.93639      7,951             0.275         0.3                  0.400         7.6 4.2                         -                         -                 -                         7.6                  -                     -                 0.8879          -                -                -                  -                
Aug-97 72.7 0.2201 62 7.4 14.9           1.68922      8,681             0.631         0.4                  0.747         14.4 4.2                         -                         -                 -                         14.4                -                     -                 1.6332          -                -                -                  -                
Sep-97 31.1 0.0000 87 0.0 14.4           1.63322      8,626             0.268         0.6                  0.720         13.4 4.2                         54                          140.0             5.6                         7.8                  5.6                      2,198.78        0.9113          -                -                -                  1.40              
Oct-97 25.3 0.1502 136.4 1.8 9.5             1.10668      8,114             0.205         0.9                  0.476         8.4 4.2                         133                        140.0             5.6                         4.2                  4.2                      1,666.44        0.4960          -                1.4                1.0                  1.40              
Nov-97 15.9 0.1635 180 1.2 5.4             0.63518      7,668             0.122         1.1                  0.268         4.1 4.2                         225                        140.0             5.6                         4.1                  -                     -                 0.4939          -                5.6                1.0                  1.40              
Dec-97 8.5 0.0000 232.5 0.0 4.1             0.49393      7,537             0.064         1.4                  0.207         2.6 4.2                         310                        140.0             5.6                         2.6                  -                     -                 0.3170          -                5.6                1.0                  1.40              
Jan-98 0.6 0.0000 244.9 0.0 2.6             0.31702      7,375             0.004         1.4                  0.132         1.1 4.2                         322                        140.0             5.6                         1.1                  -                     -                 0.1342          -                5.6                1.0                  1.40              
Feb-98 0.4 0.0000 196 0.0 1.1             0.13417      7,209             0.003         1.1                  0.055         0.0 4.2                         286                        140.0             5.6                         -                  -                     -                 -                -                5.6                1.0                  1.40              
Mar-98 34.4 0.1221 167.4 1.9 1.9             0.23420      7,299             0.251         0.9                  0.097         1.1 4.2                         245                        140.0             5.6                         1.1                  -                     -                 0.1389          -                5.6                1.0                  1.40              
Apr-98 68.4 0.4269 108 13.5 14.6           1.65365      8,646             0.591         0.7                  0.730         13.7 4.2                         120                        140.0             5.6                         8.1                  5.6                      2,198.78        0.9524          -                -                -                  1.40              
May-98 35.8 0.0447 68.2 0.7 8.9             1.03475      8,045             0.288         0.4                  0.444         8.3 4.2                         3                            140.0             5.6                         4.2                  4.1                      1,626.99        0.4960          -                1.5                1.0                  1.40              
Jun-98 98.6 0.3692 48 16.8 20.9           2.29794      9,295             0.916         0.3                  1.047         20.5 4.2                         -                         -                 -                         20.5                -                     -                 2.2508          -                -                -                  -                
Jul-98 42 0.1952 49.6 3.8 24.2           2.61892      9,627             0.404         0.4                  1.212         23.1 4.2                         -                         -                 -                         23.1                -                     -                 2.5056          -                -                -                  -                
Aug-98 93.6 0.4359 62 18.8 41.9           4.17996      11,325           1.060         0.5                  2.093         40.3 4.2                         -                         -                 -                         40.3                -                     -                 4.0494          -                -                -                  -                
Sep-98 45.4 0.0441 87 0.9 41.2           4.12585      11,264           0.511         0.8                  2.061         38.9 4.2                         54                          140.0             5.6                         33.3                5.6                      2,198.78        3.4510          -                -                -                  1.40              
Oct-98 25.7 0.0545 136.4 0.6 33.9           3.50771      10,577           0.272         1.1                  1.697         31.4 4.2                         133                        140.0             5.6                         25.8                5.6                      2,198.78        2.7675          -                -                -                  1.40              
Nov-98 34.2 0.0351 180 0.6 26.4           2.81954      9,837             0.336         1.4                  1.318         24.0 4.2                         225                        140.0             5.6                         18.4                5.6                      2,198.78        2.0449          -                -                -                  1.40              
Dec-98 23.1 0.2511 232.5 2.7 21.1           2.31182      9,309             0.215         1.7                  1.054         18.6 4.2                         310                        140.0             5.6                         13.0                5.6                      2,198.78        1.4791          -                -                -                  1.40              
Jan-99 13.4 0.2537 244.9 1.6 14.5           1.64515      8,638             0.116         1.6                  0.726         12.3 4.2                         322                        140.0             5.6                         6.7                  5.6                      2,198.78        0.7864          -                -                -                  1.40              
Feb-99 0.4 0.0000 196 0.0 6.7             0.78641      7,810             0.003         1.2                  0.334         5.2 4.2                         286                        140.0             5.6                         4.2                  1.0                      392.70           0.4960          -                4.6                1.0                  1.40              
Mar-99 14.6 0.0000 167.4 0.0 4.2             0.49604      7,539             0.110         1.0                  0.208         3.1 4.2                         245                        140.0             5.6                         3.1                  -                     -                 0.3696          -                5.6                1.0                  1.40              
Apr-99 18.4 0.1087 108 0.9 4.0             0.47793      7,523             0.138         0.6                  0.200         3.3 4.2                         120                        140.0             5.6                         3.3                  -                     -                 0.3967          -                5.6                1.0                  1.40              
May-99 57.4 0.0523 68.2 1.4 4.7             0.55850      7,597             0.436         0.4                  0.234         4.5 4.2                         3                            140.0             5.6                         4.2                  0.3                      131.83           0.4960          -                5.3                1.0                  1.40              
Jun-99 85.2 0.2230 48 8.8 12.9           1.47445      8,470             0.722         0.3                  0.646         12.7 4.2                         -                         -                 -                         12.7                -                     -                 1.4488          -                -                -                  -                
Jul-99 74.5 0.2523 49.6 8.7 21.3           2.33793      9,336             0.696         0.4                  1.067         20.6 4.2                         -                         -                 -                         20.6                -                     -                 2.2658          -                -                -                  -                
Aug-99 85.1 0.2491 62 9.8 30.4           3.19026      10,232           0.871         0.5                  1.519         29.2 4.2                         -                         -                 -                         29.2                -                     -                 3.0866          -                -                -                  -                
Sep-99 63.3 0.2291 87 6.7 35.9           3.67969      10,766           0.681         0.7                  1.796         34.1 4.2                         54                          140.0             5.6                         28.5                5.6                      2,198.78        3.0172          -                -                -                  1.40              
Oct-99 50.6 0.4229 136.4 9.9 38.3           3.88661      10,995           0.556         1.2                  1.917         35.8 4.2                         133                        140.0             5.6                         30.2                5.6                      2,198.78        3.1760          -                -                -                  1.40              
Nov-99 3.8 0.0000 180 0.0 30.2           3.17604      10,217           0.039         1.4                  1.511         27.3 4.2                         225                        140.0             5.6                         21.7                5.6                      2,198.78        2.3758          -                -                -                  1.40              
Dec-99 66.2 0.4864 232.5 14.8 36.6           3.73504      10,827           0.717         2.0                  1.828         33.5 4.2                         310                        140.0             5.6                         27.9                5.6                      2,198.78        2.9637          -                -                -                  1.40              
Jan-00 133.4 0.6177 244.9 38.0 65.9           6.00000      13,478           1.798         2.6                  3.295         61.8 4.2                         322                        140.0             5.6                         56.2                5.6                      2,198.78        5.3049          0.1675          -                -                  1.40              
Feb-00 0.4 0.0000 196 0.0 56.2           5.30493      12,634           0.005         1.9                  2.812         51.5 4.2                         286                        140.0             5.6                         45.9                5.6                      2,198.78        4.5071          -                -                -                  1.40              
Mar-00 17.3 0.0000 167.4 0.0 45.9           4.50707      11,698           0.202         1.5                  2.295         42.3 4.2                         245                        140.0             5.6                         36.7                5.6                      2,198.78        3.7456          -                -                -                  1.40              
Apr-00 12.8 0.0000 108 0.0 36.7           3.74558      10,838           0.139         0.9                  1.835         34.1 4.2                         120                        140.0             5.6                         28.5                5.6                      2,198.78        3.0176          -                -                -                  1.40              
May-00 3.8 0.0000 68.2 0.0 28.5           3.01757      10,047           0.038         0.5                  1.424         26.6 4.2                         3                            140.0             5.6                         21.0                5.6                      2,198.78        2.3016          -                -                -                  1.40              
Jun-00 58.6 0.1263 48 3.4 24.4           2.63271      9,641             0.565         0.4                  1.219         23.4 4.2                         -                         -                 -                         23.4                -                     -                 2.5355          -                -                -                  -                
Jul-00 110.9 0.1713 49.6 8.8 32.1           3.34689      10,402           1.154         0.4                  1.606         31.3 4.2                         -                         -                 -                         31.3                -                     -                 3.2706          -                -                -                  -                
Aug-00 65.6 0.0823 62 2.5 33.8           3.49158      10,559           0.693         0.5                  1.688         32.3 4.2                         -                         -                 -                         32.3                -                     -                 3.3587          -                -                -                  -                
Sep-00 34.8 0.3103 87 5.0 37.2           3.79231      10,890           0.379         0.7                  1.862         35.0 4.2                         54                          140.0             5.6                         29.4                5.6                      2,198.78        3.1030          -                -                -                  1.40              
Oct-00 3.2 0.0000 136.4 0.0 29.4           3.10299      10,139           0.032         1.1                  1.471         26.9 4.2                         133                        140.0             5.6                         21.3                5.6                      2,198.78        2.3349          -                -                -                  1.40              
Nov-00 12 0.0000 180 0.0 21.3           2.33495      9,333             0.112         1.3                  1.065         19.1 4.2                         225                        140.0             5.6                         13.5                5.6                      2,198.78        1.5320          -                -                -                  1.40              
Dec-00 0.6 0.0000 232.5 0.0 13.5           1.53196      8,526             0.005         1.5                  0.673         11.2 4.2                         310                        140.0             5.6                         5.6                  5.6                      2,198.78        0.6691          -                -                -                  1.40              
Jan-01 2.8 0.0000 244.9 0.0 5.6             0.66912      7,700             0.022         1.5                  0.282         3.9 4.2                         322                        140.0             5.6                         3.9                  -                     -                 0.4691          -                5.6                1.0                  1.40              
Feb-01 14 0.0000 196 0.0 3.9             0.46906      7,514             0.105         1.1                  0.196         2.7 4.2                         286                        140.0             5.6                         2.7                  -                     -                 0.3237          -                5.6                1.0                  1.40              
Mar-01 14.8 0.3649 167.4 2.5 5.2             0.61512      7,650             0.113         1.0                  0.259         4.0 4.2                         245                        140.0             5.6                         4.0                  -                     -                 0.4827          -                5.6                1.0                  1.40              
Apr-01 0.2 0.0000 108 0.0 4.0             0.48266      7,527             0.002         0.6                  0.202         3.2 4.2                         120                        140.0             5.6                         3.2                  -                     -                 0.3850          -                5.6                1.0                  1.40              
May-01 65.2 0.1564 68.2 4.7 7.9             0.92641      7,942             0.518         0.4                  0.395         7.6 4.2                         3                            140.0             5.6                         4.2                  3.5                      1,357.96        0.4960          -                2.1                1.0                  1.40              
Jun-01 16.7 0.0000 48 0.0 4.2             0.49604      7,539             0.126         0.3                  0.208         3.8 4.2                         -                         -                 -                         3.8                  -                     -                 0.4536          -                -                -                  -                
Jul-01 56.5 0.3593 49.6 9.4 13.1           1.49970      8,495             0.480         0.3                  0.657         12.6 4.2                         -                         -                 -                         12.6                -                     -                 1.4458          -                -                -                  -                
Aug-01 84.6 0.2861 62 11.2 23.8           2.57707      9,583             0.811         0.5                  1.190         23.0 4.2                         -                         -                 -                         23.0                -                     -                 2.4960          -                -                -                  -                
Sep-01 41.6 0.0962 87 1.8 24.8           2.67300      9,683             0.403         0.7                  1.240         23.3 4.2                         54                          140.0             5.6                         17.7                5.6                      2,198.78        1.9751          -                -                -                  1.40              
Oct-01 10.4 0.0000 136.4 0.0 17.7           1.97513      8,967             0.093         0.9                  0.886         16.0 4.2                         133                        140.0             5.6                         10.4                5.6                      2,198.78        1.1996          -                -                -                  1.40              
Nov-01 32.2 0.6025 180 8.9 19.3           2.13697      9,131             0.294         1.3                  0.966         17.4 4.2                         225                        140.0             5.6                         11.8                5.6                      2,198.78        1.3516          -                -                -                  1.40              
Dec-01 40 0.4800 232.5 8.9 20.6           2.26688      9,263             0.371         1.7                  1.031         18.3 4.2                         310                        140.0             5.6                         12.7                5.6                      2,198.78        1.4504          -                -                -                  1.40              
Jan-02 15.2 0.0000 244.9 0.0 12.7           1.45044      8,446             0.128         1.6                  0.634         10.6 4.2                         322                        140.0             5.6                         5.0                  5.6                      2,198.78        0.5918          -                -                -                  1.40              
Feb-02 2.6 0.0000 196 0.0 5.0             0.59181      7,628             0.020         1.2                  0.249         3.6 4.2                         286                        140.0             5.6                         3.6                  -                     -                 0.4298          -                5.6                1.0                  1.40              
Mar-02 1.2 0.0000 167.4 0.0 3.6             0.42977      7,478             0.009         1.0                  0.179         2.4 4.2                         245                        140.0             5.6                         2.4                  -                     -                 0.2948          -                5.6                1.0                  1.40              
Apr-02 24.5 0.3102 108 3.5 5.9             0.70389      7,732             0.189         0.6                  0.297         5.2 4.2                         120                        140.0             5.6                         4.2                  1.0                      408.37           0.4960          -                4.6                1.0                  1.40              
May-02 28.2 0.0000 68.2 0.0 4.2             0.49604      7,539             0.213         0.4                  0.208         3.8 4.2                         3                            140.0             5.6                         3.8                  -                     -                 0.4499          -                5.6                1.0                  1.40              
Jun-02 74 0.1811 48 6.2 9.9             1.15183      8,157             0.604         0.3                  0.497         9.7 4.2                         -                         -                 -                         9.7                  -                     -                 1.1301          -                -                -                  -                
Jul-02 60.2 0.0930 49.6 2.6 12.3           1.41114      8,408             0.506         0.3                  0.616         11.9 4.2                         -                         -                 -                         11.9                -                     -                 1.3645          -                -                -                  -                
Aug-02 59.4 0.2189 62 6.0 17.9           1.99216      8,984             0.534         0.4                  0.894         17.1 4.2                         -                         -                 -                         17.1                -                     -                 1.9113          -                -                -                  -                
Sep-02 40.3 0.2258 87 4.2 21.3           2.33239      9,330             0.376         0.6                  1.064         20.0 4.2                         54                          140.0             5.6                         14.4                5.6                      2,198.78        1.6285          -                -                -                  1.40              
Oct-02 23.8 0.3109 136.4 3.4 17.8           1.98157      8,973             0.214         0.9                  0.889         16.2 4.2                         133                        140.0             5.6                         10.6                5.6                      2,198.78        1.2193          -                -                -                  1.40              
Nov-02 20 0.0600 180 0.6 11.1           1.27964      8,280             0.166         1.2                  0.555         9.6 4.2                         225                        140.0             5.6                         4.2                  5.4                      2,122.38        0.4960          -                0.2                1.0                  1.40              
Dec-02 1.2 0.0000 232.5 0.0 4.2             0.49604      7,539             0.009         1.4                  0.208         2.6 4.2                         310                        140.0             5.6                         2.6                  -                     -                 0.3125          -                5.6                1.0                  1.40              
Jan-03 0.4 0.0000 244.9 0.0 2.6             0.31249      7,371             0.003         1.4                  0.130         1.1 4.2                         322                        140.0             5.6                         1.1                  -                     -                 0.1297          -                5.6                1.0                  1.40              
Feb-03 11.8 0.2373 196 1.3 2.4             0.28436      7,345             0.087         1.1                  0.118         1.2 4.2                         286                        140.0             5.6                         1.2                  -                     -                 0.1469          -                5.6                1.0                  1.40              
Mar-03 33.3 0.1201 167.4 1.8 3.1             0.36685      7,420             0.247         1.0                  0.153         2.2 4.2                         245                        140.0             5.6                         2.2                  -                     -                 0.2637          -                5.6                1.0                  1.40              
Apr-03 48.4 0.3554 108 7.9 10.1           1.17124      8,176             0.396         0.7                  0.506         9.3 4.2                         120                        140.0             5.6                         4.2                  5.2                      2,027.91        0.4960          -                0.4                1.0                  1.40              
May-03 55.6 0.2446 68.2 6.3 10.4           1.20521      8,208             0.456         0.4                  0.521         9.9 4.2                         3                            140.0             5.6                         4.3                  5.6                      2,198.78        0.5159          -                -                -                  1.40              
Jun-03 67.8 0.3776 48 11.8 16.1           1.81215      8,804             0.597         0.3                  0.806         15.6 4.2                         -                         -                 -                         15.6                -                     -                 1.7564          -                -                -                  -                
Jul-03 78.2 0.1816 49.6 6.5 22.1           2.41575      9,416             0.736         0.4                  1.107         21.4 4.2                         -                         -                 -                         21.4                -                     -                 2.3440          -                -                -                  -                
Aug-03 72.6 0.3471 62 11.6 33.0           3.42594      10,487           0.761         0.5                  1.651         31.6 4.2                         -                         -                 -                         31.6                -                     -                 3.3020          -                -                -                  -                
Sep-03 51 0.1216 87 2.9 34.5           3.55451      10,628           0.542         0.7                  1.724         32.6 4.2                         54                          140.0             5.6                         27.0                5.6                      2,198.78        2.8782          -                -                -                  1.40              
Oct-03 14.2 0.0000 136.4 0.0 27.0           2.87820      9,899             0.141         1.0                  1.349         24.7 4.2                         133                        140.0             5.6                         19.1                5.6                      2,198.78        2.1181          -                -                -                  1.40              
Nov-03 20 0.0000 180 0.0 19.1           2.11807      9,111             0.182         1.3                  0.956         17.1 4.2                         225                        140.0             5.6                         11.5                5.6                      2,198.78        1.3204          -                -                -                  1.40              
Dec-03 1.8 0.0000 232.5 0.0 11.5           1.32039      8,320             0.015         1.5                  0.574         9.4 4.2                         310                        140.0             5.6                         4.2                  5.3                      2,067.98        0.4960          -                0.3                1.0                  1.40              
Jan-04 1.6 0.0000 244.9 0.0 4.2             0.49604      7,539             0.012         1.4                  0.208         2.5 4.2                         322                        140.0             5.6                         2.5                  -                     -                 0.3042          -                5.6                1.0                  1.40              
Feb-04 3.8 0.0000 196 0.0 2.5             0.30423      7,363             0.028         1.1                  0.126         1.3 4.2                         286                        140.0             5.6                         1.3                  -                     -                 0.1586          -                5.6                1.0                  1.40              
Mar-04 1.8 0.0000 167.4 0.0 1.3             0.15861      7,231             0.013         0.9                  0.065         0.3 4.2                         245                        140.0             5.6                         0.3                  -                     -                 0.0387          -                5.6                1.0                  1.40              
Apr-04 6.8 0.0000 108 0.0 0.3             0.03869      7,123             0.048         0.6                  0.016         0.0 4.2                         120                        140.0             5.6                         -                  -                     -                 -                -                5.6                1.0                  1.40              
May-04 38.4 0.2448 68.2 4.3 4.3             0.51718      7,559             0.290         0.4                  0.217         4.0 4.2                         3                            140.0             5.6                         4.0                  -                     -                 0.4791          -                5.6                1.0                  1.40              
Jun-04 94.6 0.3066 48 13.4 17.4           1.94081      8,932             0.845         0.3                  0.869         17.0 4.2                         -                         -                 -                         17.0                -                     -                 1.9043          -                -                -                  -                
Jul-04 70 0.2343 49.6 7.6 24.6           2.65170      9,661             0.676         0.4                  1.229         23.7 4.2                         -                         -                 -                         23.7                -                     -                 2.5632          -                -                -                  -                
Aug-04 81.6 0.1887 62 7.1 30.8           3.22399      10,269           0.838         0.5                  1.538         29.6 4.2                         -                         -                 -                         29.6                -                     -                 3.1158          -                -                -                  -                
Sep-04 14 0.0000 87 0.0 29.6           3.11582      10,152           0.142         0.7                  1.478         27.5 4.2                         54                          140.0             5.6                         21.9                5.6                      2,198.78        2.3968          -                -                -                  1.40              
Oct-04 27.8 0.1223 136.4 1.6 23.5           2.54889      9,554             0.266         1.0                  1.175         21.6 4.2                         133                        140.0             5.6                         16.0                5.6                      2,198.78        1.7978          -                -                -                  1.40              
Nov-04 28 0.1857 180 2.4 18.4           2.04319      9,036             0.253         1.3                  0.919         16.5 4.2                         225                        140.0             5.6                         10.9                5.6                      2,198.78        1.2525          -                -                -                  1.40              
Dec-04 11 0.0000 232.5 0.0 10.9           1.25252      8,254             0.091         1.5                  0.543         8.9 4.2                         310                        140.0             5.6                         4.2                  4.8                      1,869.51        0.4960          -                0.8                1.0                  1.40              
 -                
Max [ML/month 5.6                      0.6639          
[m^3/sec] 0.002                  
Dam Geometry
Sports Oval Dam
E
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Lake Grace Option 1 - Sports dam
Rainfall / Evaporation [mm]
0
50
100
150
200
250
300
Ja
n-9
4
Ja
n-9
5
Ja
n-9
6
Ja
n-9
7
Ja
n-9
8
Ja
n-9
9
Ja
n-0
0
Ja
n-0
1
Ja
n-0
2
Rainfall Evaporation
Lake Grace Option 1 - Sports dam
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Water demand Deficit
Lake Grace Option 1 - Sports dam
Dam volume [ML]
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Lake Grace Option 1 - Sports dam
Water depth in dam [m]
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WATER BALANCE SPREADSHEET Summary
Lake Grace Average annual yield 69             [ML]
Option 2a Runoff to existing sports dam - max yield analysis Average monthly water demand 1.05               [ML/ha]
Average annual water demand 12.60             [ML/ha]
Max depth 6 m Max vol 65.72              ML Average annual water demand 50             [ML]
Catchment area 278,000        [m^2] Area-depth relationship Depth-volume relationship Volume -depth relationship Estimate of water demand Total extra water needed 33             [ML/yr]
Percent seepage 5 [%] c3 1.46E-11 x3 c3 2.60E-06 x3 c3 8.03E-03 Irrigation factor 0.75 % reliability 45             
Pan coefficient 0.776 [-] c2 2.83E+01 x2 c2 -6.37E-04 x2 c2 4.32E-01 Soil factor 1.1 Overflow from dam 6.87               ML/yr
Initial storage 0 [ML] c1 8.95E+02 x c1 1.22E-01 x c1 8.07E+00 Area of agriculture 4.0                 [ha]
Min depth in dam 0.5 m c0 7.09E+03 c0 4.24E-04 c0 6.32E-03
Month-Year Rainfall Runoff coeff Evaporation
Runoff from 
dam 
catchment
Runoff from 
large 
cacthment
Initial 
volume Initial depth
Initial surface 
area of the 
reservoir
Direct 
rainfall Evaporation Seepage Volume in dam
Min vol to be 
retained in dam
Monthly Effective 
evaporation
Monthly 
water 
demand
Total water 
demand
Nett Volume at 
the end of the 
month
Outflow from the
dam
Excess after 
demand
Pump 
operation
Depth at the 
end of the 
month
Overflow 
from dam
Extra 
needed
[mm] [mm] [ML] [ML] [ML] [m] [m^2] [ML] [ML] [ML] [ML] ML [mm] [mm] [ML] [ML] [ML] [KWhrs] [m] ML [ML]
Jan-94 0.4 0.0000 244.9 0.0 0.0 0.0              0.00499      7,093              0.003         1.3                  0.002          0.0 4.2                         322                        140.0             5.6                          -                  -                     -                     -                -                -                5.6               
Feb-94 3.4 0.0000 196 0.0 0.3 0.3              0.03917      7,123              0.024         1.1                  0.016          0.0 4.2                         286                        140.0             5.6                          -                  -                     -                     -                -                -                5.6               
Mar-94 1.2 0.0000 167.4 0.0 0.1 0.1              0.01411      7,101              0.009         0.9                  0.006          0.0 4.2                         245                        140.0             5.6                          -                  -                     -                     -                -                -                5.6               
Apr-94 0.2 0.0000 108 0.0 0.0 0.0              0.00271      7,091              0.001         0.6                  0.001          0.0 4.2                         120                        140.0             5.6                          -                  -                     -                     -                -                -                5.6               
May-94 104.1 0.5476 68.2 15.8 25.1 40.9           4.10137      11,236            1.170         0.6                  2.046          39.4 4.2                         3                             140.0             5.6                          4.2                  35.3                    29.7                    5,207.04        0.4960          -                -               
Jun-94 61.6 0.3019 48 5.2 5.8 15.1           1.70449      8,696              0.536         0.3                  0.754          14.5 4.2                         -                         -                -                          14.5                -                     -                     -                1.6476          -                -               
Jul-94 47 0.1106 49.6 1.4 4.4 20.4           2.24434      9,240              0.434         0.4                  1.020          19.5 4.2                         -                         -                -                          19.5                -                     -                     -                2.1506          -                -               
Aug-94 67 0.5134 62 9.6 8.6 37.6           3.82527      10,927            0.732         0.5                  1.881          36.0 4.2                         -                         -                -                          36.0                -                     -                     -                3.6819          -                -               
Sep-94 35 0.2971 87 2.9 3.3 42.1           4.20053      11,348            0.397         0.8                  2.106          39.6 4.2                         54                          140.0             5.6                          4.2                  35.5                    29.9                    5,236.29        0.4960          -                -               
Oct-94 17 0.2941 136.4 1.4 1.6 7.1              0.83895      7,859              0.134         0.8                  0.357          6.1 4.2                         133                        140.0             5.6                          4.2                  1.9                      -                     284.20           0.4960          -                3.7               
Nov-94 14.7 0.0000 180 0.0 1.4 5.5              0.65562      7,687              0.113         1.1                  0.276          4.3 4.2                         225                        140.0             5.6                          4.2                  0.1                      -                     20.47             0.4960          -                5.5               
Dec-94 0.2 0.0000 232.5 0.0 0.0 4.2              0.49823      7,541              0.002         1.4                  0.209          2.6 4.2                         310                        140.0             5.6                          2.6                  -                     -                     -                0.3137          -                5.6               
Jan-95 12.5 0.3520 244.9 1.2 1.2 5.0              0.59423      7,630              0.095         1.5                  0.250          3.4 4.2                         322                        140.0             5.6                          3.4                  -                     -                     -                0.4069          -                5.6               
Feb-95 5.6 0.0000 196 0.0 0.5 3.9              0.46843      7,514              0.042         1.1                  0.196          2.6 4.2                         286                        140.0             5.6                          2.6                  -                     -                     -                0.3156          -                5.6               
Mar-95 3.9 0.0000 167.4 0.0 0.4 3.0              0.35884      7,413              0.029         1.0                  0.149          1.9 4.2                         245                        140.0             5.6                          1.9                  -                     -                     -                0.2300          -                5.6               
Apr-95 17.4 0.0000 108 0.0 1.6 3.5              0.42313      7,472              0.130         0.6                  0.177          2.9 4.2                         120                        140.0             5.6                          2.9                  -                     -                     -                0.3438          -                5.6               
May-95 62.3 0.3114 68.2 5.4 5.8 14.1           1.59873      8,592              0.535         0.5                  0.704          13.5 4.2                         3                             140.0             5.6                          4.2                  9.3                      3.7                      1,373.01        0.4960          -                -               
Jun-95 67.4 0.2552 48 4.8 6.3 15.2           1.72054      8,712              0.587         0.3                  0.762          14.7 4.2                         -                         -                -                          14.7                -                     -                     -                1.6683          -                -               
Jul-95 136.8 0.3377 49.6 12.8 18.7 46.2           4.53437      11,729            1.605         0.5                  2.312          45.1 4.2                         -                         -                -                          45.1                -                     -                     -                4.4416          -                -               
Aug-95 33.6 0.0060 62 0.1 3.1 48.3           4.69588      11,916            0.400         0.6                  2.414          45.7 4.2                         -                         -                -                          45.7                -                     -                     -                4.4908          -                -               
Sep-95 50.8 0.3071 87 4.3 4.8 54.8           5.19662      12,505            0.635         0.8                  2.740          51.8 4.2                         54                          140.0             5.6                          4.2                  47.7                    42.1                    7,036.39        0.4960          -                -               
Oct-95 49.9 0.6212 136.4 8.6 26.9 39.7           4.00117      11,123            0.555         1.2                  1.986          37.1 4.2                         133                        140.0             5.6                          4.2                  33.0                    27.4                    4,861.65        0.4960          -                -               
Nov-95 7.6 0.0000 180 0.0 0.7 4.9              0.57883      7,616              0.058         1.1                  0.243          3.6 4.2                         225                        140.0             5.6                          3.6                  -                     -                     -                0.4331          -                5.6               
Dec-95 18.6 0.0000 232.5 0.0 1.7 5.4              0.63571      7,669              0.143         1.4                  0.268          3.8 4.2                         310                        140.0             5.6                          3.8                  -                     -                     -                0.4603          -                5.6               
Jan-96 2.6 0.0000 244.9 0.0 0.2 4.1              0.48878      7,533              0.020         1.4                  0.205          2.5 4.2                         322                        140.0             5.6                          2.5                  -                     -                     -                0.2983          -                5.6               
Feb-96 5.6 0.0000 196 0.0 0.0 2.5              0.29826      7,358              0.041         1.1                  0.124          1.3 4.2                         286                        140.0             5.6                          1.3                  -                     -                     -                0.1546          -                5.6               
Mar-96 5.8 0.0000 167.4 0.0 0.5 1.8              0.21970      7,286              0.042         0.9                  0.091          0.8 4.2                         245                        140.0             5.6                          0.8                  -                     -                     -                0.1000          -                5.6               
Apr-96 25 0.0640 108 0.4 2.3 3.6              0.43192      7,480              0.187         0.6                  0.180          3.0 4.2                         120                        140.0             5.6                          3.0                  -                     -                     -                0.3588          -                5.6               
May-96 42.6 0.3568 68.2 4.2 4.0 11.2           1.28984      8,290              0.353         0.4                  0.560          10.6 4.2                         3                             140.0             5.6                          4.2                  6.4                      0.8                      944.24           0.4960          -                -               
Jun-96 103.6 0.3398 48 9.8 9.7 23.6           2.56121      9,567              0.991         0.4                  1.182          23.1 4.2                         -                         -                -                          23.1                -                     -                     -                2.5085          -                -               
Jul-96 164.9 0.4069 49.6 18.7 36.8 78.5           6.00000      13,478            2.223         0.5                  3.925          65.7 4.2                         -                         -                -                          65.7                -                     -                     -                6.0002          12.7772        -               
Aug-96 54.5 0.0514 62 0.8 5.1 71.6           6.00000      13,478            0.735         0.6                  3.580          65.7 4.2                         -                         -                -                          65.7                -                     -                     -                6.0002          5.8796          -               
Sep-96 68.7 0.1980 87 3.8 6.4 75.9           6.00000      13,478            0.926         0.9                  3.797          65.7 4.2                         54                          140.0             5.6                          4.2                  61.6                    56.0                    9,084.12        0.4960          10.2111        -               
Oct-96 21.7 0.1106 136.4 0.7 2.0 6.9              0.80686      7,829              0.170         0.8                  0.343          5.8 4.2                         133                        140.0             5.6                          4.2                  1.7                      -                     250.38           0.4960          -                3.9               
Nov-96 28.1 0.2349 180 1.8 2.6 8.6              1.00573      8,017              0.225         1.1                  0.431          7.3 4.2                         225                        140.0             5.6                          4.2                  3.1                      -                     463.21           0.4960          -                2.5               
Dec-96 8.4 0.0000 232.5 0.0 0.8 4.9              0.58751      7,624              0.064         1.4                  0.247          3.4 4.2                         310                        140.0             5.6                          3.4                  -                     -                     -                0.4055          -                5.6               
Jan-97 0.4 0.0000 244.9 0.0 0.0 3.4              0.40990      7,460              0.003         1.4                  0.171          1.8 4.2                         322                        140.0             5.6                          1.8                  -                     -                     -                0.2217          -                5.6               
Feb-97 16.8 0.0000 196 0.0 1.6 3.4              0.40835      7,459              0.125         1.1                  0.170          2.2 4.2                         286                        140.0             5.6                          2.2                  -                     -                     -                0.2687          -                5.6               
Mar-97 67.2 0.4732 167.4 8.8 18.8 29.8           3.14120      10,180            0.684         1.3                  1.492          27.7 4.2                         245                        140.0             5.6                          4.2                  23.6                    18.0                    3,475.65        0.4960          -                -               
Apr-97 12.9 0.0000 108 0.0 1.2 5.4              0.63620      7,669              0.099         0.6                  0.268          4.5 4.2                         120                        140.0             5.6                          4.2                  0.4                      -                     58.37             0.4960          -                5.2               
May-97 56.8 0.1479 68.2 2.3 5.3 11.8           1.35552      8,354              0.474         0.4                  0.590          11.2 4.2                         3                             140.0             5.6                          4.2                  7.1                      1.5                      1,046.64        0.4960          -                -               
Jun-97 45.7 0.1138 48 1.4 4.3 9.9              1.14519      8,151              0.372         0.3                  0.494          9.5 4.2                         -                         -                -                          9.5                  -                     -                     -                1.0983          -                -               
Jul-97 34.6 0.0116 49.6 0.1 3.2 12.8           1.46258      8,458              0.293         0.3                  0.640          12.1 4.2                         -                         -                -                          12.1                -                     -                     -                1.3904          -                -               
Aug-97 72.7 0.2201 62 4.4 6.8 23.4           2.53668      9,541              0.694         0.5                  1.169          22.4 4.2                         -                         -                -                          22.4                -                     -                     -                2.4462          -                -               
Sep-97 31.1 0.0000 87 0.0 2.9 25.4           2.72549      9,738              0.303         0.7                  1.268          23.7 4.2                         54                          140.0             5.6                          4.2                  19.6                    14.0                    2,889.13        0.4960          -                -               
Oct-97 25.3 0.1502 136.4 1.1 2.4 7.6              0.88904      7,907              0.200         0.8                  0.379          6.6 4.2                         133                        140.0             5.6                          4.2                  2.4                      -                     355.40           0.4960          -                3.2               
Nov-97 15.9 0.1635 180 0.7 1.5 6.4              0.75137      7,777              0.124         1.1                  0.318          5.1 4.2                         225                        140.0             5.6                          4.2                  0.9                      -                     137.25           0.4960          -                4.7               
Dec-97 8.5 0.0000 232.5 0.0 0.0 4.2              0.49604      7,539              0.064         1.4                  0.208          2.6 4.2                         310                        140.0             5.6                          2.6                  -                     -                     -                0.3190          -                5.6               
Jan-98 0.6 0.0000 244.9 0.0 0.0 2.6              0.31902      7,377              0.004         1.4                  0.132          1.1 4.2                         322                        140.0             5.6                          1.1                  -                     -                     -                0.1361          -                5.6               
Feb-98 0.4 0.0000 196 0.0 0.0 1.2              0.14057      7,215              0.003         1.1                  0.058          0.0 4.2                         286                        140.0             5.6                          0.0                  -                     -                     -                0.0009          -                5.6               
Mar-98 34.4 0.1221 167.4 1.2 3.2 4.4              0.52392      7,565              0.260         1.0                  0.220          3.4 4.2                         245                        140.0             5.6                          3.4                  -                     -                     -                0.4136          -                5.6               
Apr-98 68.4 0.4269 108 8.1 22.4 33.9           3.50588      10,575            0.723         0.9                  1.696          32.1 4.2                         120                        140.0             5.6                          4.2                  27.9                    22.3                    4,118.51        0.4960          -                -               
May-98 35.8 0.0447 68.2 0.4 3.4 7.9              0.93082      7,946              0.284         0.4                  0.397          7.4 4.2                         3                             140.0             5.6                          4.2                  3.3                      -                     481.31           0.4960          -                2.3               
Jun-98 98.6 0.3692 48 10.1 18.9 33.1           3.43706      10,500            1.035         0.4                  1.657          32.1 4.2                         -                         -                -                          32.1                -                     -                     -                3.3473          -                -               
Jul-98 42 0.1952 49.6 2.3 3.9 38.3           3.88599      10,994            0.462         0.4                  1.917          36.5 4.2                         -                         -                -                          36.5                -                     -                     -                3.7260          -                -               
Aug-98 93.6 0.4359 62 11.3 22.8 70.6           6.00000      13,478            1.262         0.6                  3.531          65.7 4.2                         -                         -                -                          65.7                -                     -                     -                6.0002          4.9066          -               
Sep-98 45.4 0.0441 87 0.6 4.2 70.5           6.00000      13,478            0.612         0.9                  3.526          65.7 4.2                         54                          140.0             5.6                          4.2                  61.6                    56.0                    9,084.12        0.4960          4.8054          -               
Oct-98 25.7 0.0545 136.4 0.4 2.4 6.9              0.81781      7,839              0.201         0.8                  0.347          6.0 4.2                         133                        140.0             5.6                          4.2                  1.8                      -                     268.39           0.4960          -                3.8               
Nov-98 34.2 0.0351 180 0.3 3.2 7.7              0.90146      7,918              0.271         1.1                  0.384          6.5 4.2                         225                        140.0             5.6                          4.2                  2.3                      -                     341.58           0.4960          -                3.3               
Dec-98 23.1 0.2511 232.5 1.6 2.2 7.9              0.92844      7,944              0.184         1.4                  0.396          6.3 4.2                         310                        140.0             5.6                          4.2                  2.1                      -                     314.04           0.4960          -                3.5               
Jan-99 13.4 0.2537 244.9 0.9 1.3 6.4              0.75005      7,776              0.104         1.5                  0.318          4.7 4.2                         322                        140.0             5.6                          4.2                  0.5                      -                     75.00             0.4960          -                5.1               
Feb-99 0.4 0.0000 196 0.0 0.0 4.2              0.49604      7,539              0.003         1.1                  0.208          2.8 4.2                         286                        140.0             5.6                          2.8                  -                     -                     -                0.3371          -                5.6               
Mar-99 14.6 0.0000 167.4 0.0 1.4 4.2              0.49783      7,541              0.110         1.0                  0.208          3.1 4.2                         245                        140.0             5.6                          3.1                  -                     -                     -                0.3712          -                5.6               
Apr-99 18.4 0.1087 108 0.6 1.7 5.4              0.63714      7,670              0.141         0.6                  0.268          4.6 4.2                         120                        140.0             5.6                          4.2                  0.4                      -                     65.74             0.4960          -                5.2               
May-99 57.4 0.0523 68.2 0.8 5.4 10.4           1.19831      8,202              0.471         0.4                  0.518          9.9 4.2                         3                             140.0             5.6                          4.2                  5.7                      0.1                      844.73           0.4960          -                -               
Jun-99 85.2 0.2230 48 5.3 8.0 17.4           1.94418      8,936              0.761         0.3                  0.870          17.0 4.2                         -                         -                -                          17.0                -                     -                     -                1.8989          -                -               
Jul-99 74.5 0.2523 49.6 5.2 7.0 29.2           3.07985      10,114            0.753         0.4                  1.458          28.1 4.2                         -                         -                -                          28.1                -                     -                     -                2.9793          -                -               
Aug-99 85.1 0.2491 62 5.9 12.9 46.8           4.58154      11,784            1.003         0.6                  2.342          44.9 4.2                         -                         -                -                          44.9                -                     -                     -                4.4293          -                -               
Sep-99 63.3 0.2291 87 4.0 5.9 54.9           5.20396      12,513            0.792         0.8                  2.744          52.1 4.2                         54                          140.0             5.6                          4.2                  47.9                    42.3                    7,073.08        0.4960          -                -               
Oct-99 50.6 0.4229 136.4 5.9 4.7 14.8           1.67821      8,670              0.439         0.9                  0.742          13.6 4.2                         133                        140.0             5.6                          4.2                  9.5                      3.9                      1,396.40        0.4960          -                -               
Nov-99 3.8 0.0000 180 0.0 0.4 4.5              0.53751      7,578              0.029         1.1                  0.225          3.3 4.2                         225                        140.0             5.6                          3.3                  -                     -                     -                0.3905          -                5.6               
Dec-99 66.2 0.4864 232.5 9.0 14.3 26.5           2.82992      9,848              0.652         1.8                  1.323          24.0 4.2                         310                        140.0             5.6                          4.2                  19.9                    14.3                    2,930.93        0.4960          -                -               
Jan-00 133.4 0.6177 244.9 22.9 75.7 102.7         6.00000      13,478            1.798         2.6                  5.136          65.7 4.2                         322                        140.0             5.6                          4.2                  61.6                    56.0                    9,084.12        0.4960          36.9893        -               
Feb-00 0.4 0.0000 196 0.0 0.0 4.2              0.49604      7,539              0.003         1.1                  0.208          2.8 4.2                         286                        140.0             5.6                          2.8                  -                     -                     -                0.3371          -                5.6               
Mar-00 17.3 0.0000 167.4 0.0 1.6 4.4              0.52730      7,568              0.131         1.0                  0.221          3.3 4.2                         245                        140.0             5.6                          3.3                  -                     -                     -                0.4016          -                5.6               
Apr-00 12.8 0.0000 108 0.0 1.2 4.5              0.54184      7,582              0.097         0.6                  0.227          3.8 4.2                         120                        140.0             5.6                          3.8                  -                     -                     -                0.4524          -                5.6               
May-00 3.8 0.0000 68.2 0.0 0.4 4.1              0.49405      7,537              0.029         0.4                  0.207          3.6 4.2                         3                             140.0             5.6                          3.6                  -                     -                     -                0.4264          -                5.6               
Jun-00 58.6 0.1263 48 2.1 5.5 11.1           1.27926      8,280              0.485         0.3                  0.555          10.7 4.2                         -                         -                -                          10.7                -                     -                     -                1.2380          -                -               
Jul-00 110.9 0.1713 49.6 5.3 10.4 26.4           2.82230      9,840              1.091         0.4                  1.319          25.8 4.2                         -                         -                -                          25.8                -                     -                     -                2.7653          -                -               
Aug-00 65.6 0.0823 62 1.5 6.1 33.4           3.46134      10,526            0.691         0.5                  1.671          31.9 4.2                         -                         -                -                          31.9                -                     -                     -                3.3296          -                -               
Sep-00 34.8 0.3103 87 3.0 3.3 38.2           3.87333      10,980            0.382         0.7                  1.910          35.9 4.2                         54                          140.0             5.6                          4.2                  31.8                    26.2                    4,687.49        0.4960          -                -               
Oct-00 3.2 0.0000 136.4 0.0 0.3 4.5              0.53097      7,572              0.024         0.8                  0.223          3.5 4.2                         133                        140.0             5.6                          3.5                  -                     -                     -                0.4140          -                5.6               
Nov-00 12 0.0000 180 0.0 1.1 4.6              0.54534      7,585              0.091         1.1                  0.229          3.4 4.2                         225                        140.0             5.6                          3.4                  -                     -                     -                0.4052          -                5.6               
Dec-00 0.6 0.0000 232.5 0.0 0.1 3.4              0.41185      7,462              0.004         1.3                  0.172          1.9 4.2                         310                        140.0             5.6                          1.9                  -                     -                     -                0.2323          -                5.6               
Jan-01 2.8 0.0000 244.9 0.0 0.3 2.2              0.26363      7,326              0.021         1.4                  0.109          0.7 4.2                         322                        140.0             5.6                          0.7                  -                     -                     -                0.0857          -                5.6               
Feb-01 14 0.0000 196 0.0 1.3 2.0              0.24329      7,308              0.102         1.1                  0.101          0.9 4.2                         286                        140.0             5.6                          0.9                  -                     -                     -                0.1100          -                5.6               
Mar-01 14.8 0.3649 167.4 1.5 1.4 3.8              0.45353      7,500              0.111         1.0                  0.189          2.7 4.2                         245                        140.0             5.6                          2.7                  -                     -                     -                0.3294          -                5.6               
Apr-01 0.2 0.0000 108 0.0 0.0 2.8              0.33164      7,388              0.001         0.6                  0.138          2.0 4.2                         120                        140.0             5.6                          2.0                  -                     -                     -                0.2418          -                5.6               
May-01 65.2 0.1564 68.2 2.8 6.1 10.9           1.26157      8,263              0.539         0.4                  0.547          10.5 4.2                         3                             140.0             5.6                          4.2                  6.3                      0.7                      935.42           0.4960          -                -               
Jun-01 16.7 0.0000 48 0.0 1.6 5.7              0.67715      7,707              0.129         0.3                  0.286          5.3 4.2                         -                         -                -                          5.3                  -                     -                     -                0.6260          -                -               
Jul-01 56.5 0.3593 49.6 5.6 8.0 18.9           2.09317      9,086              0.513         0.3                  0.944          18.1 4.2                         -                         -                -                          18.1                -                     -                     -                2.0143          -                -               
Aug-01 84.6 0.2861 62 6.7 7.9 32.7           3.40174      10,461            0.885         0.5                  1.637          31.5 4.2                         -                         -                -                          31.5                -                     -                     -                3.2899          -                -               
Sep-01 41.6 0.0962 87 1.1 3.9 36.5           3.72867      10,820            0.450         0.7                  1.825          34.4 4.2                         54                          140.0             5.6                          4.2                  30.2                    24.6                    4,461.20        0.4960          -                -               
Oct-01 10.4 0.0000 136.4 0.0 1.0 5.1              0.60917      7,644              0.079         0.8                  0.256          4.1 4.2                         133                        140.0             5.6                          4.1                  -                     -                     -                0.4946          -                5.6               
Nov-01 32.2 0.6025 180 5.4 7.0 16.5           1.85175      8,843              0.285         1.2                  0.825          14.7 4.2                         225                        140.0             5.6                          4.2                  10.6                    5.0                      1,560.96        0.4960          -                -               
Dec-01 40 0.4800 232.5 5.3 7.4 16.9           1.88994      8,881              0.355         1.6                  0.844          14.8 4.2                         310                        140.0             5.6                          4.2                  10.6                    5.0                      1,569.22        0.4960          -                -               
Jan-02 15.2 0.0000 244.9 0.0 1.4 5.6              0.66100      7,692              0.117         1.5                  0.279          4.0 4.2                         322                        140.0             5.6                          4.0                  -                     -                     -                0.4725          -                5.6               
Feb-02 2.6 0.0000 196 0.0 0.2 4.2              0.50099      7,544              0.020         1.1                  0.210          2.9 4.2                         286                        140.0             5.6                          2.9                  -                     -                     -                0.3437          -                5.6               
Mar-02 1.2 0.0000 167.4 0.0 0.1 3.0              0.35704      7,411              0.009         1.0                  0.148          1.9 4.2                         245                        140.0             5.6                          1.9                  -                     -                     -                0.2259          -                5.6               
Apr-02 24.5 0.3102 108 2.1 2.3 6.3              0.74107      7,767              0.190         0.7                  0.314          5.5 4.2                         120                        140.0             5.6                          4.2                  1.3                      -                     198.67           0.4960          -                4.3               
May-02 28.2 0.0000 68.2 0.0 2.6 6.8              0.80018      7,823              0.221         0.4                  0.340          6.3 4.2                         3                             140.0             5.6                          4.2                  2.1                      -                     310.80           0.4960          -                3.5               
Jun-02 74 0.1811 48 3.7 6.9 14.8           1.67467      8,667              0.641         0.3                  0.740          14.4 4.2                         -                         -                -                          14.4                -                     -                     -                1.6304          -                -               
Jul-02 60.2 0.0930 49.6 1.6 5.6 21.6           2.36101      9,360              0.563         0.4                  1.079          20.7 4.2                         -                         -                -                          20.7                -                     -                     -                2.2748          -                -               
Aug-02 59.4 0.2189 62 3.6 5.6 29.9           3.14413      10,183            0.605         0.5                  1.494          28.5 4.2                         -                         -                -                          28.5                -                     -                     -                3.0181          -                -               
Sep-02 40.3 0.2258 87 2.5 3.8 34.8           3.58183      10,658            0.430         0.7                  1.740          32.8 4.2                         54                          140.0             5.6                          4.2                  28.6                    23.0                    4,221.62        0.4960          -                -               
Oct-02 23.8 0.3109 136.4 2.1 2.2 8.4              0.98563      7,998              0.190         0.8                  0.422          7.4 4.2                         133                        140.0             5.6                          4.2                  3.2                      -                     473.13           0.4960          -                2.4               
Nov-02 20 0.0600 180 0.3 1.9 6.4              0.75075      7,776              0.156         1.1                  0.318          5.1 4.2                         225                        140.0             5.6                          4.2                  1.0                      -                     141.20           0.4960          -                4.6               
Dec-02 1.2 0.0000 232.5 0.0 0.1 4.3              0.50916      7,551              0.009         1.4                  0.213          2.7 4.2                         310                        140.0             5.6                          2.7                  -                     -                     -                0.3249          -                5.6               
Jan-03 0.4 0.0000 244.9 0.0 0.0 2.7              0.32933      7,386              0.003         1.4                  0.137          1.2 4.2                         322                        140.0             5.6                          1.2                  -                     -                     -                0.1456          -                5.6               
Feb-03 11.8 0.2373 196 0.8 1.1 3.1              0.37020      7,424              0.088         1.1                  0.154          1.9 4.2                         286                        140.0             5.6                          1.9                  -                     -                     -                0.2281          -                5.6               
Mar-03 33.3 0.1201 167.4 1.1 3.1 6.1              0.72289      7,750              0.258         1.0                  0.306          5.1 4.2                         245                        140.0             5.6                          4.2                  0.9                      -                     133.89           0.4960          -                4.7               
Apr-03 48.4 0.3554 108 4.8 4.9 13.8           1.56878      8,562              0.414         0.7                  0.690          12.8 4.2                         120                        140.0             5.6                          4.2                  8.7                      3.1                      1,276.69        0.4960          -                -               
May-03 55.6 0.2446 68.2 3.8 5.2 13.1           1.49855      8,493              0.472         0.4                  0.657          12.5 4.2                         3                             140.0             5.6                          4.2                  8.4                      2.8                      1,232.09        0.4960          -                -               
Jun-03 67.8 0.3776 48 7.1 6.3 17.6           1.96522      8,957              0.607         0.3                  0.881          17.0 4.2                         -                         -                -                          17.0                -                     -                     -                1.9032          -                -               
Jul-03 78.2 0.1816 49.6 3.9 7.3 28.3           2.99804      10,027            0.784         0.4                  1.414          27.3 4.2                         -                         -                -                          27.3                -                     -                     -                2.9040          -                -               
Aug-03 72.6 0.3471 62 7.0 6.8 41.1           4.11341      11,250            0.817         0.5                  2.053          39.3 4.2                         -                         -                -                          39.3                -                     -                     -                3.9653          -                -               
Sep-03 51 0.1216 87 1.7 4.8 45.8           4.49718      11,687            0.596         0.8                  2.289          43.3 4.2                         54                          140.0             5.6                          4.2                  39.1                    33.5                    5,775.62        0.4960          -                -               
Oct-03 14.2 0.0000 136.4 0.0 1.3 5.5              0.65023      7,682              0.109         0.8                  0.274          4.5 4.2                         133                        140.0             5.6                          4.2                  0.4                      -                     51.79             0.4960          -                5.2               
Nov-03 20 0.0000 180 0.0 1.9 6.0              0.71260      7,741              0.155         1.1                  0.301          4.8 4.2                         225                        140.0             5.6                          4.2                  0.6                      -                     95.07             0.4960          -                5.0               
Dec-03 1.8 0.0000 232.5 0.0 0.2 4.3              0.51571      7,557              0.014         1.4                  0.216          2.8 4.2                         310                        140.0             5.6                          2.8                  -                     -                     -                0.3316          -                5.6               
Jan-04 1.6 0.0000 244.9 0.0 0.1 2.9              0.34936      7,404              0.012         1.4                  0.145          1.4 4.2                         322                        140.0             5.6                          1.4                  -                     -                     -                0.1656          -                5.6               
Feb-04 3.8 0.0000 196 0.0 0.4 1.7              0.20829      7,276              0.028         1.1                  0.086          0.6 4.2                         286                        140.0             5.6                          0.6                  -                     -                     -                0.0679          -                5.6               
Mar-04 1.8 0.0000 167.4 0.0 0.2 0.7              0.08830      7,167              0.013         0.9                  0.036          0.0 4.2                         245                        140.0             5.6                          -                  -                     -                     -                -                -                5.6               
Apr-04 6.8 0.0000 108 0.0 0.6 0.6              0.07779      7,158              0.049         0.6                  0.032          0.1 4.2                         120                        140.0             5.6                          0.1                  -                     -                     -                0.0069          -                5.6               
May-04 38.4 0.2448 68.2 2.6 3.6 6.3              0.73966      7,766              0.298         0.4                  0.313          5.8 4.2                         3                             140.0             5.6                          4.2                  1.7                      -                     248.27           0.4960          -                3.9               
Jun-04 94.6 0.3066 48 8.1 8.9 21.1           2.31137      9,309              0.881         0.3                  1.053          20.5 4.2                         -                         -                -                          20.5                -                     -                     -                2.2600          -                -               
Jul-04 70 0.2343 49.6 4.6 6.6 31.7           3.30530      10,356            0.725         0.4                  1.583          30.4 4.2                         -                         -                -                          30.4                -                     -                     -                3.1923          -                -               
Aug-04 81.6 0.1887 62 4.3 7.6 42.3           4.21736      11,367            0.928         0.5                  2.116          40.6 4.2                         -                         -                -                          40.6                -                     -                     -                4.0742          -                -               
Sep-04 14 0.0000 87 0.0 1.3 41.9           4.18246      11,328            0.159         0.8                  2.095          39.2 4.2                         54                          140.0             5.6                          4.2                  35.0                    29.4                    5,170.47        0.4960          -                -               
Oct-04 27.8 0.1223 136.4 0.9 2.6 7.7              0.90288      7,920              0.220         0.8                  0.385          6.7 4.2                         133                        140.0             5.6                          4.2                  2.5                      -                     375.37           0.4960          -                3.1               
Nov-04 28 0.1857 180 1.4 2.6 8.2              0.96118      7,975              0.223         1.1                  0.411          6.9 4.2                         225                        140.0             5.6                          4.2                  2.8                      -                     407.92           0.4960          -                2.8               
Dec-04 11 0.0000 232.5 0.0 1.0 5.2              0.61567      7,650              0.084         1.4                  0.259          3.6 4.2                         310                        140.0             5.6                          3.6                  -                     -                     -                0.4345          -                5.6               
 -                
Max [ML/month 61.6                    5.6996          
[m^3/sec] 0.023                 
Dam Geometry
Early season
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Lake Grace option 2a - Town runoff into sports dam - max yield analysis 
Rainfall / Evaporation [mm]
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Lake Grace option 2a - Town runoff into sports dam - max yield analysis
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Water demand Deficit
Lake Grace option 2a - Town runoff into sports dam - max yield analysis
Dam volume [ML]
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Lake Grace option 2a - Town runoff into sports dam - max yield analysis
Water depth in dam [m]
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WATER BALANCE SPREADSHEET Summary
Lake Grace Average annual yield 46             [ML]
Option 2a Runoff to existing sports dam Average monthly water demand 1.05               [ML/ha]
Average annual water demand 12.60             [ML/ha]
Max depth 6 m Max vol 65.72              ML Average annual water demand 50             [ML]
Catchment area 278,000        [m^2] Area-depth relationship Depth-volume relationship Volume -depth relationship Estimate of water demand Total extra water needed 5               [ML/yr]
Percent seepage 5 [%] c3 1.46E-11 x3 c3 2.60E-06 x3 c3 8.03E-03 Irrigation factor 0.75 % reliability 89             
Pan coefficient 0.776 [-] c2 2.83E+01 x2 c2 -6.37E-04 x2 c2 4.32E-01 Soil factor 1.1 Overflow from dam 16.47             ML/yr
Initial storage 0 [ML] c1 8.95E+02 x c1 1.22E-01 x c1 8.07E+00 Area of agriculture 4.0                 [ha]
Min depth in dam 0.5 m c0 7.09E+03 c0 4.24E-04 c0 6.32E-03
Month-Year Rainfall Runoff coeff Evaporation
Runoff from 
dam 
catchment
Runoff from 
large 
cacthment
Initial 
volume Initial depth
Initial surface 
area of the 
reservoir
Direct 
rainfall Evaporation Seepage Volume in dam
Min vol to be 
retained in dam
Monthly Effective 
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Jan-94 0.4 0.0000 244.9 0.0 0.0 0.0              0.00499      7,093              0.003         1.3                  0.002          0.0 4.2                         322                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
Feb-94 3.4 0.0000 196 0.0 0.3 0.3              0.03917      7,123              0.024         1.1                  0.016          0.0 4.2                         286                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
Mar-94 1.2 0.0000 167.4 0.0 0.1 0.1              0.01411      7,101              0.009         0.9                  0.006          0.0 4.2                         245                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
Apr-94 0.2 0.0000 108 0.0 0.0 0.0              0.00271      7,091              0.001         0.6                  0.001          0.0 4.2                         120                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
May-94 104.1 0.5476 68.2 15.8 25.1 40.9           4.10137      11,236            1.170         0.6                  2.046          39.4 4.2                         3                             140.0             5.6                          33.8                5.6                      2,198.78        3.4987          -                -               -                 1.40               
Jun-94 61.6 0.3019 48 5.2 5.8 44.8           4.41704      11,595            0.714         0.4                  2.239          42.8 4.2                         -                         -                -                          42.8                -                     -                4.2584          -                -               -                 -                
Jul-94 47 0.1106 49.6 1.4 4.4 48.7           4.72582      11,951            0.562         0.5                  2.433          46.3 4.2                         -                         -                -                          46.3                -                     -                4.5416          -                -               -                 -                
Aug-94 67 0.5134 62 9.6 8.6 64.5           5.91309      13,371            0.896         0.6                  3.226          61.5 4.2                         -                         -                -                          61.5                -                     -                5.6973          -                -               -                 -                
Sep-94 35 0.2971 87 2.9 3.3 67.7           6.00000      13,478            0.472         0.9                  3.385          63.9 4.2                         54                          140.0             5.6                          58.3                5.6                      2,198.78        5.4578          1.9842          -               -                 1.40               
Oct-94 17 0.2941 136.4 1.4 1.6 61.3           5.67722      13,083            0.222         1.4                  3.063          57.0 4.2                         133                        140.0             5.6                          51.4                5.6                      2,198.78        4.9410          -                -               -                 1.40               
Nov-94 14.7 0.0000 180 0.0 1.4 52.8           5.04648      12,327            0.181         1.7                  2.641          48.6 4.2                         225                        140.0             5.6                          43.0                5.6                      2,198.78        4.2755          -                -               -                 1.40               
Dec-94 0.2 0.0000 232.5 0.0 0.0 43.1           4.27698      11,435            0.002         2.1                  2.153          38.8 4.2                         310                        140.0             5.6                          33.2                5.6                      2,198.78        3.4455          -                -               -                 1.40               
Jan-95 12.5 0.3520 244.9 1.2 1.2 35.6           3.65439      10,738            0.134         2.0                  1.782          31.9 4.2                         322                        140.0             5.6                          26.3                5.6                      2,198.78        2.8185          -                -               -                 1.40               
Feb-95 5.6 0.0000 196 0.0 0.5 26.9           2.86755      9,888              0.055         1.5                  1.343          24.1 4.2                         286                        140.0             5.6                          18.5                5.6                      2,198.78        2.0526          -                -               -                 1.40               
Mar-95 3.9 0.0000 167.4 0.0 0.4 18.8           2.08943      9,082              0.035         1.2                  0.942          16.8 4.2                         245                        140.0             5.6                          11.2                5.6                      2,198.78        1.2852          -                -               -                 1.40               
Apr-95 17.4 0.0000 108 0.0 1.6 12.8           1.46077      8,456              0.147         0.7                  0.639          11.6 4.2                         120                        140.0             5.6                          6.0                  5.6                      2,198.78        0.7078          -                -               -                 1.40               
May-95 62.3 0.3114 68.2 5.4 5.8 17.2           1.92354      8,915              0.555         0.5                  0.860          16.4 4.2                         3                             140.0             5.6                          10.8                5.6                      2,198.78        1.2498          -                -               -                 1.40               
Jun-95 67.4 0.2552 48 4.8 6.3 21.9           2.39498      9,395              0.633         0.3                  1.096          21.1 4.2                         -                         -                -                          21.1                -                     -                2.3152          -                -               -                 -                
Jul-95 136.8 0.3377 49.6 12.8 18.7 52.6           5.03091      12,308            1.684         0.5                  2.631          51.2 4.2                         -                         -                -                          51.2                -                     -                4.9218          -                -               -                 -                
Aug-95 33.6 0.0060 62 0.1 3.1 54.4           5.16631      12,469            0.419         0.6                  2.720          51.5 4.2                         -                         -                -                          51.5                -                     -                4.9450          -                -               -                 -                
Sep-95 50.8 0.3071 87 4.3 4.8 60.6           5.62727      13,022            0.662         0.9                  3.029          57.3 4.2                         54                          140.0             5.6                          51.7                5.6                      2,198.78        4.9638          -                -               -                 1.40               
Oct-95 49.9 0.6212 136.4 8.6 26.9 87.3           6.00000      13,478            0.673         1.4                  4.365          65.7 4.2                         133                        140.0             5.6                          60.1                5.6                      2,198.78        5.5935          21.5721        -               -                 1.40               
Nov-95 7.6 0.0000 180 0.0 0.7 60.8           5.64571      13,044            0.099         1.8                  3.042          56.1 4.2                         225                        140.0             5.6                          50.5                5.6                      2,198.78        4.8661          -                -               -                 1.40               
Dec-95 18.6 0.0000 232.5 0.0 1.7 52.2           5.00023      12,272            0.228         2.2                  2.611          47.6 4.2                         310                        140.0             5.6                          42.0                5.6                      2,198.78        4.1920          -                -               -                 1.40               
Jan-96 2.6 0.0000 244.9 0.0 0.2 42.3           4.21199      11,361            0.030         2.2                  2.113          38.0 4.2                         322                        140.0             5.6                          32.4                5.6                      2,198.78        3.3725          -                -               -                 1.40               
Feb-96 5.6 0.0000 196 0.0 0.0 32.4           3.37252      10,429            0.058         1.6                  1.621          29.3 4.2                         286                        140.0             5.6                          23.7                5.6                      2,198.78        2.5642          -                -               -                 1.40               
Mar-96 5.8 0.0000 167.4 0.0 0.5 24.2           2.61629      9,624              0.056         1.3                  1.210          21.8 4.2                         245                        140.0             5.6                          16.2                5.6                      2,198.78        1.8204          -                -               -                 1.40               
Apr-96 25 0.0640 108 0.4 2.3 19.0           2.10431      9,097              0.227         0.8                  0.949          17.5 4.2                         120                        140.0             5.6                          11.9                5.6                      2,198.78        1.3664          -                -               -                 1.40               
May-96 42.6 0.3568 68.2 4.2 4.0 20.1           2.21718      9,212              0.392         0.5                  1.006          19.0 4.2                         3                             140.0             5.6                          13.4                5.6                      2,198.78        1.5283          -                -               -                 1.40               
Jun-96 103.6 0.3398 48 9.8 9.7 32.9           3.41545      10,476            1.085         0.4                  1.645          31.9 4.2                         -                         -                -                          31.9                -                     -                3.3311          -                -               -                 -                
Jul-96 164.9 0.4069 49.6 18.7 36.8 87.4           6.00000      13,478            2.223         0.5                  4.368          65.7 4.2                         -                         -                -                          65.7                -                     -                6.0002          21.6386        -               -                 -                
Aug-96 54.5 0.0514 62 0.8 5.1 71.6           6.00000      13,478            0.735         0.6                  3.580          65.7 4.2                         -                         -                -                          65.7                -                     -                6.0002          5.8796          -               -                 -                
Sep-96 68.7 0.1980 87 3.8 6.4 75.9           6.00000      13,478            0.926         0.9                  3.797          65.7 4.2                         54                          140.0             5.6                          60.1                5.6                      2,198.78        5.5935          10.2111        -               -                 1.40               
Oct-96 21.7 0.1106 136.4 0.7 2.0 62.8           5.79063      13,221            0.287         1.4                  3.141          58.6 4.2                         133                        140.0             5.6                          53.0                5.6                      2,198.78        5.0581          -                -               -                 1.40               
Nov-96 28.1 0.2349 180 1.8 2.6 57.4           5.39456      12,741            0.358         1.8                  2.872          53.1 4.2                         225                        140.0             5.6                          47.5                5.6                      2,198.78        4.6369          -                -               -                 1.40               
Dec-96 8.4 0.0000 232.5 0.0 0.8 48.3           4.69884      11,920            0.100         2.2                  2.416          43.9 4.2                         310                        140.0             5.6                          38.3                5.6                      2,198.78        3.8790          -                -               -                 1.40               
Jan-97 0.4 0.0000 244.9 0.0 0.0 38.3           3.88215      10,990            0.004         2.1                  1.915          34.3 4.2                         322                        140.0             5.6                          28.7                5.6                      2,198.78        3.0368          -                -               -                 1.40               
Feb-97 16.8 0.0000 196 0.0 1.6 30.3           3.18016      10,222            0.172         1.6                  1.513          27.4 4.2                         286                        140.0             5.6                          21.8                5.6                      2,198.78        2.3805          -                -               -                 1.40               
Mar-97 67.2 0.4732 167.4 8.8 18.8 49.4           4.78201      12,016            0.807         1.6                  2.469          46.2 4.2                         245                        140.0             5.6                          40.6                5.6                      2,198.78        4.0723          -                -               -                 1.40               
Apr-97 12.9 0.0000 108 0.0 1.2 41.8           4.17215      11,316            0.146         0.9                  2.089          38.9 4.2                         120                        140.0             5.6                          33.3                5.6                      2,198.78        3.4492          -                -               -                 1.40               
May-97 56.8 0.1479 68.2 2.3 5.3 40.9           4.10285      11,238            0.638         0.6                  2.047          38.9 4.2                         3                             140.0             5.6                          33.3                5.6                      2,198.78        3.4535          -                -               -                 1.40               
Jun-97 45.7 0.1138 48 1.4 4.3 39.1           3.94598      11,061            0.506         0.4                  1.953          37.2 4.2                         -                         -                -                          37.2                -                     -                3.7885          -                -               -                 -                
Jul-97 34.6 0.0116 49.6 0.1 3.2 40.5           4.07055      11,201            0.388         0.4                  2.027          38.5 4.2                         -                         -                -                          38.5                -                     -                3.8971          -                -               -                 -                
Aug-97 72.7 0.2201 62 4.4 6.8 49.7           4.80834      12,047            0.876         0.6                  2.486          47.5 4.2                         -                         -                -                          47.5                -                     -                4.6366          -                -               -                 -                
Sep-97 31.1 0.0000 87 0.0 2.9 50.4           4.86432      12,112            0.377         0.8                  2.522          47.5 4.2                         54                          140.0             5.6                          41.9                5.6                      2,198.78        4.1813          -                -               -                 1.40               
Oct-97 25.3 0.1502 136.4 1.1 2.4 45.3           4.45935      11,643            0.295         1.2                  2.265          42.1 4.2                         133                        140.0             5.6                          36.5                5.6                      2,198.78        3.7295          -                -               -                 1.40               
Nov-97 15.9 0.1635 180 0.7 1.5 38.7           3.91756      11,030            0.175         1.5                  1.936          35.4 4.2                         225                        140.0             5.6                          29.8                5.6                      2,198.78        3.1389          -                -               -                 1.40               
Dec-97 8.5 0.0000 232.5 0.0 0.0 29.8           3.13889      10,177            0.087         1.8                  1.491          26.6 4.2                         310                        140.0             5.6                          21.0                5.6                      2,198.78        2.3020          -                -               -                 1.40               
Jan-98 0.6 0.0000 244.9 0.0 0.0 21.0           2.30202      9,299              0.006         1.8                  1.049          18.2 4.2                         322                        140.0             5.6                          12.6                5.6                      2,198.78        1.4373          -                -               -                 1.40               
Feb-98 0.4 0.0000 196 0.0 0.0 12.6           1.44127      8,437              0.003         1.3                  0.630          10.7 4.2                         286                        140.0             5.6                          5.1                  5.6                      2,198.78        0.6052          -                -               -                 1.40               
Mar-98 34.4 0.1221 167.4 1.2 3.2 9.5              1.10140      8,109              0.279         1.1                  0.474          8.2 4.2                         245                        140.0             5.6                          4.2                  4.1                      1,601.18        0.4960          -                1.5               1.0                  1.40               
Apr-98 68.4 0.4269 108 8.1 22.4 34.6           3.56734      10,642            0.728         0.9                  1.731          32.7 4.2                         120                        140.0             5.6                          27.1                5.6                      2,198.78        2.8923          -                -               -                 1.40               
May-98 35.8 0.0447 68.2 0.4 3.4 30.9           3.23971      10,286            0.368         0.5                  1.546          29.2 4.2                         3                             140.0             5.6                          23.6                5.6                      2,198.78        2.5585          -                -               -                 1.40               
Jun-98 98.6 0.3692 48 10.1 18.9 52.6           5.02992      12,307            1.213         0.5                  2.630          50.7 4.2                         -                         -                -                          50.7                -                     -                4.8857          -                -               -                 -                
Jul-98 42 0.1952 49.6 2.3 3.9 56.9           5.35742      12,696            0.533         0.5                  2.847          54.1 4.2                         -                         -                -                          54.1                -                     -                5.1467          -                -               -                 -                
Aug-98 93.6 0.4359 62 11.3 22.8 88.3           6.00000      13,478            1.262         0.6                  4.415          65.7 4.2                         -                         -                -                          65.7                -                     -                6.0002          22.5755        -               -                 -                
Sep-98 45.4 0.0441 87 0.6 4.2 70.5           6.00000      13,478            0.612         0.9                  3.526          65.7 4.2                         54                          140.0             5.6                          60.1                5.6                      2,198.78        5.5935          4.8054          -               -                 1.40               
Oct-98 25.7 0.0545 136.4 0.4 2.4 62.9           5.79763      13,229            0.340         1.4                  3.146          58.7 4.2                         133                        140.0             5.6                          53.1                5.6                      2,198.78        5.0691          -                -               -                 1.40               
Nov-98 34.2 0.0351 180 0.3 3.2 56.6           5.33589      12,671            0.433         1.8                  2.832          52.5 4.2                         225                        140.0             5.6                          46.9                5.6                      2,198.78        4.5845          -                -               -                 1.40               
Dec-98 23.1 0.2511 232.5 1.6 2.2 50.7           4.88020      12,131            0.280         2.2                  2.533          46.2 4.2                         310                        140.0             5.6                          40.6                5.6                      2,198.78        4.0761          -                -               -                 1.40               
Jan-99 13.4 0.2537 244.9 0.9 1.3 42.8           4.25722      11,412            0.153         2.2                  2.140          38.7 4.2                         322                        140.0             5.6                          33.1                5.6                      2,198.78        3.4291          -                -               -                 1.40               
Feb-99 0.4 0.0000 196 0.0 0.0 33.1           3.42910      10,491            0.004         1.6                  1.653          29.8 4.2                         286                        140.0             5.6                          24.2                5.6                      2,198.78        2.6163          -                -               -                 1.40               
Mar-99 14.6 0.0000 167.4 0.0 1.4 25.6           2.74623      9,760              0.142         1.3                  1.279          23.2 4.2                         245                        140.0             5.6                          17.6                5.6                      2,198.78        1.9608          -                -               -                 1.40               
Apr-99 18.4 0.1087 108 0.6 1.7 19.9           2.19054      9,185              0.169         0.8                  0.993          18.3 4.2                         120                        140.0             5.6                          12.7                5.6                      2,198.78        1.4472          -                -               -                 1.40               
May-99 57.4 0.0523 68.2 0.8 5.4 18.9           2.09167      9,085              0.521         0.5                  0.943          18.0 4.2                         3                             140.0             5.6                          12.4                5.6                      2,198.78        1.4155          -                -               -                 1.40               
Jun-99 85.2 0.2230 48 5.3 8.0 25.6           2.75016      9,764              0.832         0.4                  1.281          24.8 4.2                         -                         -                -                          24.8                -                     -                2.6731          -                -               -                 -                
Jul-99 74.5 0.2523 49.6 5.2 7.0 37.0           3.77236      10,868            0.810         0.4                  1.850          35.5 4.2                         -                         -                -                          35.5                -                     -                3.6469          -                -               -                 -                
Aug-99 85.1 0.2491 62 5.9 12.9 54.3           5.16038      12,461            1.060         0.6                  2.716          52.1 4.2                         -                         -                -                          52.1                -                     -                4.9886          -                -               -                 -                
Sep-99 63.3 0.2291 87 4.0 5.9 62.0           5.73192      13,149            0.832         0.9                  3.101          58.9 4.2                         54                          140.0             5.6                          53.3                5.6                      2,198.78        5.0803          -                -               -                 1.40               
Oct-99 50.6 0.4229 136.4 5.9 4.7 63.9           5.87196      13,321            0.674         1.4                  3.197          60.0 4.2                         133                        140.0             5.6                          54.4                5.6                      2,198.78        5.1678          -                -               -                 1.40               
Nov-99 3.8 0.0000 180 0.0 0.4 54.8           5.19464      12,502            0.048         1.7                  2.738          50.3 4.2                         225                        140.0             5.6                          44.7                5.6                      2,198.78        4.4128          -                -               -                 1.40               
Dec-99 66.2 0.4864 232.5 9.0 14.3 67.9           6.00000      13,478            0.892         2.4                  3.397          63.0 4.2                         310                        140.0             5.6                          57.4                5.6                      2,198.78        5.3925          2.2190          -               -                 1.40               
Jan-00 133.4 0.6177 244.9 22.9 75.7 156.0         6.00000      13,478            1.798         2.6                  7.798          65.7 4.2                         322                        140.0             5.6                          60.1                5.6                      2,198.78        5.5935          90.2419        -               -                 1.40               
Feb-00 0.4 0.0000 196 0.0 0.0 60.1           5.59352      12,981            0.005         2.0                  3.006          55.1 4.2                         286                        140.0             5.6                          49.5                5.6                      2,198.78        4.7944          -                -               -                 1.40               
Mar-00 17.3 0.0000 167.4 0.0 1.6 51.2           4.91998      12,178            0.211         1.6                  2.558          47.2 4.2                         245                        140.0             5.6                          41.6                5.6                      2,198.78        4.1610          -                -               -                 1.40               
Apr-00 12.8 0.0000 108 0.0 1.2 42.8           4.25927      11,415            0.146         1.0                  2.142          39.9 4.2                         120                        140.0             5.6                          34.3                5.6                      2,198.78        3.5371          -                -               -                 1.40               
May-00 3.8 0.0000 68.2 0.0 0.4 34.6           3.56816      10,643            0.040         0.6                  1.732          32.4 4.2                         3                             140.0             5.6                          26.8                5.6                      2,198.78        2.8597          -                -               -                 1.40               
Jun-00 58.6 0.1263 48 2.1 5.5 34.3           3.54088      10,613            0.622         0.4                  1.716          32.8 4.2                         -                         -                -                          32.8                -                     -                3.4099          -                -               -                 -                
Jul-00 110.9 0.1713 49.6 5.3 10.4 48.5           4.71243      11,935            1.324         0.5                  2.425          46.9 4.2                         -                         -                -                          46.9                -                     -                4.5893          -                -               -                 -                
Aug-00 65.6 0.0823 62 1.5 6.1 54.6           5.18053      12,485            0.819         0.6                  2.729          52.1 4.2                         -                         -                -                          52.1                -                     -                4.9894          -                -               -                 -                
Sep-00 34.8 0.3103 87 3.0 3.3 58.3           5.46110      12,821            0.446         0.9                  2.916          55.0 4.2                         54                          140.0             5.6                          49.4                5.6                      2,198.78        4.7824          -                -               -                 1.40               
Oct-00 3.2 0.0000 136.4 0.0 0.3 49.7           4.80571      12,044            0.039         1.3                  2.485          46.0 4.2                         133                        140.0             5.6                          40.4                5.6                      2,198.78        4.0562          -                -               -                 1.40               
Nov-00 12 0.0000 180 0.0 1.1 41.5           4.14923      11,290            0.135         1.6                  2.075          38.0 4.2                         225                        140.0             5.6                          32.4                5.6                      2,198.78        3.3692          -                -               -                 1.40               
Dec-00 0.6 0.0000 232.5 0.0 0.1 32.4           3.37424      10,431            0.006         1.9                  1.622          28.9 4.2                         310                        140.0             5.6                          23.3                5.6                      2,198.78        2.5325          -                -               -                 1.40               
Jan-01 2.8 0.0000 244.9 0.0 0.3 23.6           2.55774      9,563              0.027         1.8                  1.180          20.6 4.2                         322                        140.0             5.6                          15.0                5.6                      2,198.78        1.6982          -                -               -                 1.40               
Feb-01 14 0.0000 196 0.0 1.3 16.3           1.83428      8,826              0.124         1.3                  0.817          14.3 4.2                         286                        140.0             5.6                          8.7                  5.6                      2,198.78        1.0153          -                -               -                 1.40               
Mar-01 14.8 0.3649 167.4 1.5 1.4 11.6           1.33232      8,331              0.123         1.1                  0.579          10.1 4.2                         245                        140.0             5.6                          4.5                  5.6                      2,198.78        0.5309          -                -               -                 1.40               
Apr-01 0.2 0.0000 108 0.0 0.0 4.5              0.53305      7,574              0.002         0.6                  0.223          3.6 4.2                         120                        140.0             5.6                          3.6                  -                     -                0.4329          -                5.6               1.0                  1.40               
May-01 65.2 0.1564 68.2 2.8 6.1 12.6           1.43593      8,432              0.550         0.4                  0.628          12.0 4.2                         3                             140.0             5.6                          6.4                  5.6                      2,198.78        0.7587          -                -               -                 1.40               
Jun-01 16.7 0.0000 48 0.0 1.6 8.0              0.93557      7,951              0.133         0.3                  0.400          7.4 4.2                         -                         -                -                          7.4                  -                     -                0.8722          -                -               -                 -                
Jul-01 56.5 0.3593 49.6 5.6 8.0 21.0           2.30798      9,305              0.526         0.4                  1.052          20.2 4.2                         -                         -                -                          20.2                -                     -                2.2204          -                -               -                 -                
Aug-01 84.6 0.2861 62 6.7 7.9 34.8           3.58193      10,658            0.902         0.5                  1.740          33.4 4.2                         -                         -                -                          33.4                -                     -                3.4637          -                -               -                 -                
Sep-01 41.6 0.0962 87 1.1 3.9 38.5           3.89527      11,005            0.458         0.7                  1.923          36.2 4.2                         54                          140.0             5.6                          30.6                5.6                      2,198.78        3.2140          -                -               -                 1.40               
Oct-01 10.4 0.0000 136.4 0.0 1.0 31.6           3.30141      10,352            0.108         1.1                  1.581          29.0 4.2                         133                        140.0             5.6                          23.4                5.6                      2,198.78        2.5432          -                -               -                 1.40               
Nov-01 32.2 0.6025 180 5.4 7.0 35.8           3.67031      10,755            0.346         1.5                  1.791          32.9 4.2                         225                        140.0             5.6                          27.3                5.6                      2,198.78        2.9049          -                -               -                 1.40               
Dec-01 40 0.4800 232.5 5.3 7.4 40.0           4.02498      11,150            0.446         2.0                  2.000          36.4 4.2                         310                        140.0             5.6                          30.8                5.6                      2,198.78        3.2309          -                -               -                 1.40               
Jan-02 15.2 0.0000 244.9 0.0 1.4 32.3           3.35819      10,414            0.158         2.0                  1.613          28.8 4.2                         322                        140.0             5.6                          23.2                5.6                      2,198.78        2.5212          -                -               -                 1.40               
Feb-02 2.6 0.0000 196 0.0 0.2 23.5           2.54471      9,550              0.025         1.5                  1.173          20.9 4.2                         286                        140.0             5.6                          15.3                5.6                      2,198.78        1.7226          -                -               -                 1.40               
Mar-02 1.2 0.0000 167.4 0.0 0.1 15.4           1.73435      8,726              0.010         1.1                  0.769          13.5 4.2                         245                        140.0             5.6                          7.9                  5.6                      2,198.78        0.9235          -                -               -                 1.40               
Apr-02 24.5 0.3102 108 2.1 2.3 12.3           1.40779      8,405              0.206         0.7                  0.614          11.2 4.2                         120                        140.0             5.6                          5.6                  5.6                      2,198.78        0.6611          -                -               -                 1.40               
May-02 28.2 0.0000 68.2 0.0 2.6 8.2              0.96085      7,975              0.225         0.4                  0.411          7.6 4.2                         3                             140.0             5.6                          4.2                  3.5                      1,356.77        0.4960          -                2.1               1.0                  1.40               
Jun-02 74 0.1811 48 3.7 6.9 14.8           1.67467      8,667              0.641         0.3                  0.740          14.4 4.2                         -                         -                -                          14.4                -                     -                1.6304          -                -               -                 -                
Jul-02 60.2 0.0930 49.6 1.6 5.6 21.6           2.36101      9,360              0.563         0.4                  1.079          20.7 4.2                         -                         -                -                          20.7                -                     -                2.2748          -                -               -                 -                
Aug-02 59.4 0.2189 62 3.6 5.6 29.9           3.14413      10,183            0.605         0.5                  1.494          28.5 4.2                         -                         -                -                          28.5                -                     -                3.0181          -                -               -                 -                
Sep-02 40.3 0.2258 87 2.5 3.8 34.8           3.58183      10,658            0.430         0.7                  1.740          32.8 4.2                         54                          140.0             5.6                          27.2                5.6                      2,198.78        2.8953          -                -               -                 1.40               
Oct-02 23.8 0.3109 136.4 2.1 2.2 31.5           3.28650      10,336            0.246         1.1                  1.573          29.0 4.2                         133                        140.0             5.6                          23.4                5.6                      2,198.78        2.5415          -                -               -                 1.40               
Nov-02 20 0.0600 180 0.3 1.9 25.6           2.75184      9,766              0.195         1.4                  1.282          23.2 4.2                         225                        140.0             5.6                          17.6                5.6                      2,198.78        1.9621          -                -               -                 1.40               
Dec-02 1.2 0.0000 232.5 0.0 0.1 17.7           1.97357      8,965              0.011         1.6                  0.885          15.2 4.2                         310                        140.0             5.6                          9.6                  5.6                      2,198.78        1.1154          -                -               -                 1.40               
Jan-03 0.4 0.0000 244.9 0.0 0.0 9.6              1.11956      8,126              0.003         1.5                  0.482          7.6 4.2                         322                        140.0             5.6                          4.2                  3.5                      1,361.47        0.4960          -                2.1               1.0                  1.40               
Feb-03 11.8 0.2373 196 0.8 1.1 6.0              0.71384      7,742              0.091         1.2                  0.302          4.6 4.2                         286                        140.0             5.6                          4.2                  0.5                      194.35           0.4960          -                5.1               1.0                  1.40               
Mar-03 33.3 0.1201 167.4 1.1 3.1 8.4              0.97937      7,992              0.266         1.0                  0.419          7.2 4.2                         245                        140.0             5.6                          4.2                  3.0                      1,192.74        0.4960          -                2.6               1.0                  1.40               
Apr-03 48.4 0.3554 108 4.8 4.9 13.8           1.56878      8,562              0.414         0.7                  0.690          12.8 4.2                         120                        140.0             5.6                          7.2                  5.6                      2,198.78        0.8471          -                -               -                 1.40               
May-03 55.6 0.2446 68.2 3.8 5.2 16.2           1.81898      8,810              0.490         0.5                  0.810          15.4 4.2                         3                             140.0             5.6                          9.8                  5.6                      2,198.78        1.1374          -                -               -                 1.40               
Jun-03 67.8 0.3776 48 7.1 6.3 23.3           2.52580      9,530              0.646         0.4                  1.163          22.4 4.2                         -                         -                -                          22.4                -                     -                2.4413          -                -               -                 -                
Jul-03 78.2 0.1816 49.6 3.9 7.3 33.7           3.48273      10,549            0.825         0.4                  1.683          32.4 4.2                         -                         -                -                          32.4                -                     -                3.3710          -                -               -                 -                
Aug-03 72.6 0.3471 62 7.0 6.8 46.2           4.53061      11,725            0.851         0.6                  2.310          44.2 4.2                         -                         -                -                          44.2                -                     -                4.3682          -                -               -                 -                
Sep-03 51 0.1216 87 1.7 4.8 50.7           4.88189      12,133            0.619         0.8                  2.534          47.9 4.2                         54                          140.0             5.6                          42.3                5.6                      2,198.78        4.2187          -                -               -                 1.40               
Oct-03 14.2 0.0000 136.4 0.0 1.3 43.7           4.32711      11,492            0.163         1.2                  2.183          40.4 4.2                         133                        140.0             5.6                          34.8                5.6                      2,198.78        3.5850          -                -               -                 1.40               
Nov-03 20 0.0000 180 0.0 1.9 36.7           3.74663      10,840            0.217         1.5                  1.835          33.6 4.2                         225                        140.0             5.6                          28.0                5.6                      2,198.78        2.9700          -                -               -                 1.40               
Dec-03 1.8 0.0000 232.5 0.0 0.2 28.1           2.98556      10,013            0.018         1.8                  1.407          24.9 4.2                         310                        140.0             5.6                          19.3                5.6                      2,198.78        2.1400          -                -               -                 1.40               
Jan-04 1.6 0.0000 244.9 0.0 0.1 19.5           2.15497      9,149              0.015         1.7                  0.975          16.8 4.2                         322                        140.0             5.6                          11.2                5.6                      2,198.78        1.2896          -                -               -                 1.40               
Feb-04 3.8 0.0000 196 0.0 0.4 11.6           1.32816      8,327              0.032         1.3                  0.578          9.7 4.2                         286                        140.0             5.6                          4.2                  5.6                      2,193.38        0.4960          -                0.0               1.0                  1.40               
Mar-04 1.8 0.0000 167.4 0.0 0.2 4.3              0.51571      7,557              0.014         1.0                  0.216          3.1 4.2                         245                        140.0             5.6                          3.1                  -                     -                0.3768          -                5.6               1.0                  1.40               
Apr-04 6.8 0.0000 108 0.0 0.6 3.8              0.45166      7,498              0.051         0.6                  0.189          3.0 4.2                         120                        140.0             5.6                          3.0                  -                     -                0.3615          -                5.6               1.0                  1.40               
May-04 38.4 0.2448 68.2 2.6 3.6 9.2              1.07215      8,081              0.310         0.4                  0.461          8.6 4.2                         3                             140.0             5.6                          4.2                  4.5                      1,760.62        0.4960          -                1.1               1.0                  1.40               
Jun-04 94.6 0.3066 48 8.1 8.9 21.1           2.31137      9,309              0.881         0.3                  1.053          20.5 4.2                         -                         -                -                          20.5                -                     -                2.2600          -                -               -                 -                
Jul-04 70 0.2343 49.6 4.6 6.6 31.7           3.30530      10,356            0.725         0.4                  1.583          30.4 4.2                         -                         -                -                          30.4                -                     -                3.1923          -                -               -                 -                
Aug-04 81.6 0.1887 62 4.3 7.6 42.3           4.21736      11,367            0.928         0.5                  2.116          40.6 4.2                         -                         -                -                          40.6                -                     -                4.0742          -                -               -                 -                
Sep-04 14 0.0000 87 0.0 1.3 41.9           4.18246      11,328            0.159         0.8                  2.095          39.2 4.2                         54                          140.0             5.6                          33.6                5.6                      2,198.78        3.4770          -                -               -                 1.40               
Oct-04 27.8 0.1223 136.4 0.9 2.6 37.1           3.78426      10,881            0.303         1.2                  1.857          34.4 4.2                         133                        140.0             5.6                          28.8                5.6                      2,198.78        3.0497          -                -               -                 1.40               
Nov-04 28 0.1857 180 1.4 2.6 32.9           3.41587      10,477            0.293         1.5                  1.645          30.1 4.2                         225                        140.0             5.6                          24.5                5.6                      2,198.78        2.6430          -                -               -                 1.40               
Dec-04 11 0.0000 232.5 0.0 1.0 25.5           2.74077      9,755              0.107         1.8                  1.276          22.6 4.2                         310                        140.0             5.6                          17.0                5.6                      2,198.78        1.9013          -                -               -                 1.40               
 -                
Max [ML/month 5.6                      0.6639          
[m^3/sec] 0.002                 
Dam Geometry
Ear
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Lake Grace option 2a - Town runoff into sports dam 
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Lake Grace option 2a - Town runoff into sports dam
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Water demand Deficit
Lake Grace option 2a - Town runoff into sports dam
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Lake Grace option 2a - Town runoff into sports dam
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WATER BALANCE SPREADSHEET Summary
Lake Grace Average annual yield 36             [ML]
Option 2b Runoff to new dam Average monthly water demand 1.05               [ML/ha]
Average annual water demand 12.60             [ML/ha]
Max depth 6 m Max vol 76.77              ML Average annual water demand 50             [ML]
Catchment area -               [m^2] Area-depth relationship Depth-volume relationship Volume -depth relationship Estimate of water demand Total extra water needed 15             [ML/yr]
Percent seepage 5 [%] c3 7.28E-12 x3 c3 1.78E-06 x3 c3 1.02E-02 Irrigation factor 0.75 % reliability 71             
Pan coefficient 0.776 [-] c2 3.60E+01 x2 c2 -4.96E-04 x2 c2 5.23E-01 Soil factor 1.1 Overflow from dam 2.04               ML/yr
Initial storage 0 [ML] c1 1.08E+03 x c1 1.06E-01 x c1 9.29E+00 Area of agriculture 4.0                 [ha]
Min depth in dam 0.5 m c0 8.10E+03 c0 -4.03E-04 c0 7.72E-03
Month-Year Rainfall Runoff coeff Evaporation
Runoff from 
large 
catchment
Initial 
volume Initial depth
Initial surface 
area of the 
reservoir
Direct 
rainfall Evaporation Seepage Volume in dam
Min vol to be 
retained in dam
Monthly Effective 
evaporation
Monthly 
water 
demand
Total water 
demand
Nett Volume at 
the end of the 
month
Outflow from the
dam
Pump 
operation
Depth at the 
end of the 
month
Overflow 
from dam
Extra 
needed
Reliability 
factor
 Monthly 
water 
demand per 
ha
[mm] [mm] [ML] [ML] [m] [m^2] [ML] [ML] [ML] [ML] ML [mm] [mm] [ML] [ML] [ML] [KWhrs] [m] ML [ML] [ML/ha]
Jan-94 0.4 0.0000 244.9 0.0 0.0              0.00356      8,104              0.003         1.5                  0.002          0.0 4.8                         322                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
Feb-94 3.4 0.0000 196 0.3 0.3              0.03321      8,136              0.028         1.2                  0.016          0.0 4.8                         286                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
Mar-94 1.2 0.0000 167.4 0.1 0.1              0.01147      8,112              0.010         1.1                  0.006          0.0 4.8                         245                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
Apr-94 0.2 0.0000 108 0.0 0.0              0.00158      8,102              0.002         0.7                  0.001          0.0 4.8                         120                        140.0             5.6                          -                  -                     -                -                -                5.6               1.0                  1.40               
May-94 104.1 0.5476 68.2 25.1 25.1           2.36751      10,859            1.130         0.6                  1.253          24.4 4.8                         3                             140.0             5.6                          18.8                5.6                      2,198.78        1.8221          -                -               -                 1.40               
Jun-94 61.6 0.3019 48 5.8 24.5           2.32258      10,803            0.665         0.4                  1.227          23.6 4.8                         -                         -                -                          23.6                -                     -                2.2407          -                -               -                 -                
Jul-94 47 0.1106 49.6 4.4 28.0           2.60911      11,163            0.525         0.4                  1.399          26.7 4.8                         -                         -                -                          26.7                -                     -                2.5014          -                -               -                 -                
Aug-94 67 0.5134 62 8.6 35.3           3.19193      11,914            0.798         0.6                  1.764          33.7 4.8                         -                         -                -                          33.7                -                     -                3.0721          -                -               -                 -                
Sep-94 35 0.2971 87 3.3 37.0           3.32545      12,090            0.423         0.8                  1.851          34.8 4.8                         54                          140.0             5.6                          29.2                5.6                      2,198.78        2.7074          -                -               -                 1.40               
Oct-94 17 0.2941 136.4 1.6 30.8           2.83596      11,452            0.195         1.2                  1.538          28.2 4.8                         133                        140.0             5.6                          22.6                5.6                      2,198.78        2.1581          -                -               -                 1.40               
Nov-94 14.7 0.0000 180 1.4 24.0           2.27577      10,744            0.158         1.5                  1.199          21.4 4.8                         225                        140.0             5.6                          15.8                5.6                      2,198.78        1.5580          -                -               -                 1.40               
Dec-94 0.2 0.0000 232.5 0.0 15.9           1.55968      9,872              0.002         1.8                  0.793          13.3 4.8                         310                        140.0             5.6                          7.7                  5.6                      2,198.78        0.7845          -                -               -                 1.40               
Jan-95 12.5 0.3520 244.9 1.2 8.9              0.89904      9,100              0.114         1.7                  0.443          6.8 4.8                         322                        140.0             5.6                          4.8                  2.0                      791.69           0.4946          -                3.6               1.0                  1.40               
Feb-95 5.6 0.0000 196 0.5 5.3              0.54744      8,702              0.049         1.3                  0.265          3.8 4.8                         286                        140.0             5.6                          3.8                  -                     -                0.3913          -                5.6               1.0                  1.40               
Mar-95 3.9 0.0000 167.4 0.4 4.1              0.42850      8,569              0.033         1.1                  0.207          2.8 4.8                         245                        140.0             5.6                          2.8                  -                     -                0.2968          -                5.6               1.0                  1.40               
Apr-95 17.4 0.0000 108 1.6 4.5              0.46326      8,608              0.150         0.7                  0.224          3.7 4.8                         120                        140.0             5.6                          3.7                  -                     -                0.3823          -                5.6               1.0                  1.40               
May-95 62.3 0.3114 68.2 5.8 9.5              0.96236      9,173              0.571         0.5                  0.476          9.1 4.8                         3                             140.0             5.6                          4.8                  4.3                      1,703.03        0.4946          -                1.3               1.0                  1.40               
Jun-95 67.4 0.2552 48 6.3 11.1           1.11439      9,348              0.630         0.3                  0.555          10.8 4.8                         -                         -                -                          10.8                -                     -                1.0883          -                -               -                 -                
Jul-95 136.8 0.3377 49.6 18.7 29.5           2.73223      11,320            1.549         0.4                  1.474          29.1 4.8                         -                         -                -                          29.1                -                     -                2.7029          -                -               -                 -                
Aug-95 33.6 0.0060 62 3.1 32.3           2.95556      11,606            0.390         0.6                  1.613          30.5 4.8                         -                         -                -                          30.5                -                     -                2.8132          -                -               -                 -                
Sep-95 50.8 0.3071 87 4.8 35.2           3.18854      11,910            0.605         0.8                  1.762          33.3 4.8                         54                          140.0             5.6                          27.7                5.6                      2,198.78        2.5847          -                -               -                 1.40               
Oct-95 49.9 0.6212 136.4 26.9 54.6           4.58620      13,810            0.689         1.5                  2.731          51.1 4.8                         133                        140.0             5.6                          45.5                5.6                      2,198.78        3.9536          -                -               -                 1.40               
Nov-95 7.6 0.0000 180 0.7 46.2           4.00444      13,002            0.099         1.8                  2.311          42.2 4.8                         225                        140.0             5.6                          36.6                5.6                      2,198.78        3.2932          -                -               -                 1.40               
Dec-95 18.6 0.0000 232.5 1.7 38.3           3.42569      12,222            0.227         2.2                  1.917          34.4 4.8                         310                        140.0             5.6                          28.8                5.6                      2,198.78        2.6804          -                -               -                 1.40               
Jan-96 2.6 0.0000 244.9 0.2 29.1           2.70021      11,279            0.029         2.1                  1.454          25.5 4.8                         322                        140.0             5.6                          19.9                5.6                      2,198.78        1.9236          -                -               -                 1.40               
Feb-96 5.6 0.0000 196 0.0 19.9           1.92365      10,311            0.058         1.6                  0.996          17.4 4.8                         286                        140.0             5.6                          11.8                5.6                      2,198.78        1.1827          -                -               -                 1.40               
Mar-96 5.8 0.0000 167.4 0.5 12.4           1.23402      9,488              0.055         1.2                  0.618          10.6 4.8                         245                        140.0             5.6                          5.0                  5.6                      2,198.78        0.5122          -                -               -                 1.40               
Apr-96 25 0.0640 108 2.3 7.3              0.74594      8,926              0.223         0.7                  0.365          6.4 4.8                         120                        140.0             5.6                          4.8                  1.6                      637.88           0.4946          -                4.0               1.0                  1.40               
May-96 42.6 0.3568 68.2 4.0 8.8              0.89050      9,090              0.387         0.5                  0.439          8.2 4.8                         3                             140.0             5.6                          4.8                  3.5                      1,356.53        0.4946          -                2.1               1.0                  1.40               
Jun-96 103.6 0.3398 48 9.7 14.5           1.43277      9,721              1.007         0.4                  0.724          14.4 4.8                         -                         -                -                          14.4                -                     -                1.4255          -                -               -                 -                
Jul-96 164.9 0.4069 49.6 36.8 51.2           4.35043      13,480            2.223         0.5                  2.558          50.3 4.8                         -                         -                -                          50.3                -                     -                4.2914          -                -               -                 -                
Aug-96 54.5 0.0514 62 5.1 55.4           4.63941      13,885            0.757         0.7                  2.770          52.7 4.8                         -                         -                -                          52.7                -                     -                4.4578          -                -               -                 -                
Sep-96 68.7 0.1980 87 6.4 59.2           4.88841      14,240            0.978         1.0                  2.958          56.2 4.8                         54                          140.0             5.6                          50.6                5.6                      2,198.78        4.3128          -                -               -                 1.40               
Oct-96 21.7 0.1106 136.4 2.0 52.6           4.45241      13,622            0.296         1.4                  2.632          48.9 4.8                         133                        140.0             5.6                          43.3                5.6                      2,198.78        3.7914          -                -               -                 1.40               
Nov-96 28.1 0.2349 180 2.6 45.9           3.98110      12,970            0.364         1.8                  2.295          42.2 4.8                         225                        140.0             5.6                          36.6                5.6                      2,198.78        3.2901          -                -               -                 1.40               
Dec-96 8.4 0.0000 232.5 0.8 37.3           3.35019      12,122            0.102         2.2                  1.867          33.4 4.8                         310                        140.0             5.6                          27.8                5.6                      2,198.78        2.5941          -                -               -                 1.40               
Jan-97 0.4 0.0000 244.9 0.0 27.8           2.59717      11,148            0.004         2.1                  1.391          24.3 4.8                         322                        140.0             5.6                          18.7                5.6                      2,198.78        1.8177          -                -               -                 1.40               
Feb-97 16.8 0.0000 196 1.6 20.3           1.95678      10,351            0.174         1.6                  1.015          17.9 4.8                         286                        140.0             5.6                          12.3                5.6                      2,198.78        1.2269          -                -               -                 1.40               
Mar-97 67.2 0.4732 167.4 18.8 31.1           2.85908      11,482            0.772         1.5                  1.553          28.8 4.8                         245                        140.0             5.6                          23.2                5.6                      2,198.78        2.2071          -                -               -                 1.40               
Apr-97 12.9 0.0000 108 1.2 24.4           2.30998      10,787            0.139         0.9                  1.219          22.4 4.8                         120                        140.0             5.6                          16.8                5.6                      2,198.78        1.6454          -                -               -                 1.40               
May-97 56.8 0.1479 68.2 5.3 22.1           2.11588      10,546            0.599         0.6                  1.106          21.1 4.8                         3                             140.0             5.6                          15.5                5.6                      2,198.78        1.5225          -                -               -                 1.40               
Jun-97 45.7 0.1138 48 4.3 19.7           1.90733      10,291            0.470         0.4                  0.987          18.8 4.8                         -                         -                -                          18.8                -                     -                1.8276          -                -               -                 -                
Jul-97 34.6 0.0116 49.6 3.2 22.1           2.11167      10,541            0.365         0.4                  1.104          20.9 4.8                         -                         -                -                          20.9                -                     -                2.0122          -                -               -                 -                
Aug-97 72.7 0.2201 62 6.8 27.7           2.58930      11,138            0.810         0.5                  1.387          26.6 4.8                         -                         -                -                          26.6                -                     -                2.4972          -                -               -                 -                
Sep-97 31.1 0.0000 87 2.9 29.5           2.73628      11,325            0.352         0.8                  1.477          27.6 4.8                         54                          140.0             5.6                          22.0                5.6                      2,198.78        2.1090          -                -               -                 1.40               
Oct-97 25.3 0.1502 136.4 2.4 24.4           2.31176      10,789            0.273         1.1                  1.220          22.3 4.8                         133                        140.0             5.6                          16.7                5.6                      2,198.78        1.6378          -                -               -                 1.40               
Nov-97 15.9 0.1635 180 1.5 18.2           1.77182      10,127            0.161         1.4                  0.910          16.0 4.8                         225                        140.0             5.6                          10.4                5.6                      2,198.78        1.0523          -                -               -                 1.40               
Dec-97 8.5 0.0000 232.5 0.0 10.4           1.05225      9,276              0.079         1.7                  0.522          8.3 4.8                         310                        140.0             5.6                          4.8                  3.5                      1,390.91        0.4946          -                2.1               1.0                  1.40               
Jan-98 0.6 0.0000 244.9 0.0 4.8              0.49455      8,643              0.005         1.6                  0.239          2.9 4.8                         322                        140.0             5.6                          2.9                  -                     -                0.3031          -                5.6               1.0                  1.40               
Feb-98 0.4 0.0000 196 0.0 2.9              0.30692      8,435              0.003         1.3                  0.147          1.5 4.8                         286                        140.0             5.6                          1.5                  -                     -                0.1591          -                5.6               1.0                  1.40               
Mar-98 34.4 0.1221 167.4 3.2 4.7              0.48989      8,638              0.297         1.1                  0.237          3.7 4.8                         245                        140.0             5.6                          3.7                  -                     -                0.3819          -                5.6               1.0                  1.40               
Apr-98 68.4 0.4269 108 22.4 26.0           2.44861      10,960            0.750         0.9                  1.302          24.6 4.8                         120                        140.0             5.6                          19.0                5.6                      2,198.78        1.8393          -                -               -                 1.40               
May-98 35.8 0.0447 68.2 3.4 22.3           2.13277      10,567            0.378         0.6                  1.116          21.0 4.8                         3                             140.0             5.6                          15.4                5.6                      2,198.78        1.5192          -                -               -                 1.40               
Jun-98 98.6 0.3692 48 18.9 34.3           3.11505      11,814            1.165         0.4                  1.715          33.3 4.8                         -                         -                -                          33.3                -                     -                3.0375          -                -               -                 -                
Jul-98 42 0.1952 49.6 3.9 37.2           3.34185      12,111            0.509         0.5                  1.862          35.4 4.8                         -                         -                -                          35.4                -                     -                3.2022          -                -               -                 -                
Aug-98 93.6 0.4359 62 22.8 58.2           4.82786      14,153            1.325         0.7                  2.912          56.0 4.8                         -                         -                -                          56.0                -                     -                4.6771          -                -               -                 -                
Sep-98 45.4 0.0441 87 4.2 60.2           4.95803      14,340            0.651         1.0                  3.011          56.9 4.8                         54                          140.0             5.6                          51.3                5.6                      2,198.78        4.3594          -                -               -                 1.40               
Oct-98 25.7 0.0545 136.4 2.4 53.7           4.52388      13,723            0.353         1.5                  2.685          49.9 4.8                         133                        140.0             5.6                          44.3                5.6                      2,198.78        3.8671          -                -               -                 1.40               
Nov-98 34.2 0.0351 180 3.2 47.5           4.09583      13,127            0.449         1.8                  2.376          43.8 4.8                         225                        140.0             5.6                          38.2                5.6                      2,198.78        3.4117          -                -               -                 1.40               
Dec-98 23.1 0.2511 232.5 2.2 40.3           3.57396      12,420            0.287         2.2                  2.016          36.3 4.8                         310                        140.0             5.6                          30.7                5.6                      2,198.78        2.8343          -                -               -                 1.40               
Jan-99 13.4 0.2537 244.9 1.3 32.0           2.93455      11,579            0.155         2.2                  1.600          28.4 4.8                         322                        140.0             5.6                          22.8                5.6                      2,198.78        2.1705          -                -               -                 1.40               
Feb-99 0.4 0.0000 196 0.0 22.8           2.17049      10,614            0.004         1.6                  1.138          20.0 4.8                         286                        140.0             5.6                          14.4                5.6                      2,198.78        1.4258          -                -               -                 1.40               
Mar-99 14.6 0.0000 167.4 1.4 15.8           1.55153      9,862              0.144         1.3                  0.789          13.8 4.8                         245                        140.0             5.6                          8.2                  5.6                      2,198.78        0.8392          -                -               -                 1.40               
Apr-99 18.4 0.1087 108 1.7 10.0           1.00656      9,224              0.170         0.8                  0.498          8.9 4.8                         120                        140.0             5.6                          4.8                  4.1                      1,603.03        0.4946          -                1.5               1.0                  1.40               
May-99 57.4 0.0523 68.2 5.4 10.2           1.02469      9,244              0.531         0.5                  0.508          9.7 4.8                         3                             140.0             5.6                          4.8                  4.9                      1,926.35        0.4946          -                0.7               1.0                  1.40               
Jun-99 85.2 0.2230 48 8.0 12.8           1.27217      9,532              0.812         0.4                  0.638          12.6 4.8                         -                         -                -                          12.6                -                     -                1.2552          -                -               -                 -                
Jul-99 74.5 0.2523 49.6 7.0 19.6           1.89133      10,271            0.765         0.4                  0.978          18.9 4.8                         -                         -                -                          18.9                -                     -                1.8375          -                -               -                 -                
Aug-99 85.1 0.2491 62 12.9 31.8           2.92009      11,561            0.984         0.6                  1.591          30.7 4.8                         -                         -                -                          30.7                -                     -                2.8270          -                -               -                 -                
Sep-99 63.3 0.2291 87 5.9 36.6           3.29189      12,045            0.762         0.8                  1.829          34.7 4.8                         54                          140.0             5.6                          29.1                5.6                      2,198.78        2.7013          -                -               -                 1.40               
Oct-99 50.6 0.4229 136.4 4.7 33.8           3.07941      11,767            0.595         1.2                  1.692          31.5 4.8                         133                        140.0             5.6                          25.9                5.6                      2,198.78        2.4367          -                -               -                 1.40               
Nov-99 3.8 0.0000 180 0.4 26.2           2.46644      10,983            0.042         1.5                  1.312          23.4 4.8                         225                        140.0             5.6                          17.8                5.6                      2,198.78        1.7392          -                -               -                 1.40               
Dec-99 66.2 0.4864 232.5 14.3 32.1           2.94300      11,590            0.767         2.1                  1.605          29.2 4.8                         310                        140.0             5.6                          23.6                5.6                      2,198.78        2.2409          -                -               -                 1.40               
Jan-00 133.4 0.6177 244.9 75.7 99.2           6.00000      15,876            2.118         3.0                  4.961          76.8 4.8                         322                        140.0             5.6                          71.2                5.6                      2,198.78        5.6546          22.4634        -               -                 1.40               
Feb-00 0.4 0.0000 196 0.0 71.2           5.65464      15,358            0.006         2.3                  3.558          65.3 4.8                         286                        140.0             5.6                          59.7                5.6                      2,198.78        4.9226          -                -               -                 1.40               
Mar-00 17.3 0.0000 167.4 1.6 61.3           5.02826      14,441            0.250         1.9                  3.065          56.6 4.8                         245                        140.0             5.6                          51.0                5.6                      2,198.78        4.3397          -                -               -                 1.40               
Apr-00 12.8 0.0000 108 1.2 52.2           4.42212      13,580            0.174         1.1                  2.610          48.6 4.8                         120                        140.0             5.6                          43.0                5.6                      2,198.78        3.7740          -                -               -                 1.40               
May-00 3.8 0.0000 68.2 0.4 43.4           3.79990      12,724            0.048         0.7                  2.169          40.6 4.8                         3                             140.0             5.6                          35.0                5.6                      2,198.78        3.1694          -                -               -                 1.40               
Jun-00 58.6 0.1263 48 5.5 40.5           3.58594      12,436            0.729         0.5                  2.024          38.7 4.8                         -                         -                -                          38.7                -                     -                3.4544          -                -               -                 -                
Jul-00 110.9 0.1713 49.6 10.4 49.1           4.20721      13,281            1.473         0.5                  2.455          47.6 4.8                         -                         -                -                          47.6                -                     -                4.1023          -                -               -                 -                
Aug-00 65.6 0.0823 62 6.1 53.7           4.52715      13,727            0.901         0.7                  2.687          51.3 4.8                         -                         -                -                          51.3                -                     -                4.3599          -                -               -                 -                
Sep-00 34.8 0.3103 87 3.3 54.6           4.58197      13,804            0.480         0.9                  2.728          51.4 4.8                         54                          140.0             5.6                          45.8                5.6                      2,198.78        3.9723          -                -               -                 1.40               
Oct-00 3.2 0.0000 136.4 0.3 46.1           3.99372      12,987            0.042         1.4                  2.304          42.4 4.8                         133                        140.0             5.6                          36.8                5.6                      2,198.78        3.3117          -                -               -                 1.40               
Nov-00 12 0.0000 180 1.1 38.0           3.39721      12,184            0.146         1.7                  1.898          34.5 4.8                         225                        140.0             5.6                          28.9                5.6                      2,198.78        2.6856          -                -               -                 1.40               
Dec-00 0.6 0.0000 232.5 0.1 29.0           2.69023      11,266            0.007         2.0                  1.448          25.5 4.8                         310                        140.0             5.6                          19.9                5.6                      2,198.78        1.9212          -                -               -                 1.40               
Jan-01 2.8 0.0000 244.9 0.3 20.2           1.94424      10,336            0.029         2.0                  1.008          17.2 4.8                         322                        140.0             5.6                          11.6                5.6                      2,198.78        1.1635          -                -               -                 1.40               
Feb-01 14 0.0000 196 1.3 12.9           1.28717      9,550              0.134         1.5                  0.646          11.0 4.8                         286                        140.0             5.6                          5.4                  5.6                      2,198.78        0.5520          -                -               -                 1.40               
Mar-01 14.8 0.3649 167.4 1.4 6.7              0.69052      8,863              0.131         1.2                  0.337          5.4 4.8                         245                        140.0             5.6                          4.8                  0.6                      234.75           0.4946          -                5.0               1.0                  1.40               
Apr-01 0.2 0.0000 108 0.0 4.8              0.49645      8,645              0.002         0.7                  0.240          3.8 4.8                         120                        140.0             5.6                          3.8                  -                     -                0.3986          -                5.6               1.0                  1.40               
May-01 65.2 0.1564 68.2 6.1 9.9              1.00405      9,221              0.601         0.5                  0.497          9.6 4.8                         3                             140.0             5.6                          4.8                  4.8                      1,874.66        0.4946          -                0.8               1.0                  1.40               
Jun-01 16.7 0.0000 48 1.6 6.3              0.65152      8,819              0.147         0.3                  0.317          5.8 4.8                         -                         -                -                          5.8                  -                     -                0.6017          -                -               -                 -                
Jul-01 56.5 0.3593 49.6 8.0 13.8           1.37070      9,648              0.545         0.4                  0.691          13.3 4.8                         -                         -                -                          13.3                -                     -                1.3225          -                -               -                 -                
Aug-01 84.6 0.2861 62 7.9 21.2           2.03727      10,450            0.884         0.5                  1.061          20.5 4.8                         -                         -                -                          20.5                -                     -                1.9779          -                -               -                 -                
Sep-01 41.6 0.0962 87 3.9 24.4           2.31341      10,791            0.449         0.7                  1.221          22.9 4.8                         54                          140.0             5.6                          17.3                5.6                      2,198.78        1.6927          -                -               -                 1.40               
Oct-01 10.4 0.0000 136.4 1.0 18.3           1.78015      10,137            0.105         1.1                  0.915          16.4 4.8                         133                        140.0             5.6                          10.8                5.6                      2,198.78        1.0881          -                -               -                 1.40               
Nov-01 32.2 0.6025 180 7.0 17.8           1.73467      10,082            0.325         1.4                  0.890          15.8 4.8                         225                        140.0             5.6                          10.2                5.6                      2,198.78        1.0307          -                -               -                 1.40               
Dec-01 40 0.4800 232.5 7.4 17.6           1.71813      10,062            0.402         1.8                  0.880          15.3 4.8                         310                        140.0             5.6                          9.7                  5.6                      2,198.78        0.9821          -                -               -                 1.40               
Jan-02 15.2 0.0000 244.9 1.4 11.1           1.11874      9,353              0.142         1.8                  0.557          8.9 4.8                         322                        140.0             5.6                          4.8                  4.2                      1,634.14        0.4946          -                1.4               1.0                  1.40               
Feb-02 2.6 0.0000 196 0.2 5.0              0.51914      8,670              0.023         1.3                  0.251          3.5 4.8                         286                        140.0             5.6                          3.5                  -                     -                0.3618          -                5.6               1.0                  1.40               
Mar-02 1.2 0.0000 167.4 0.1 3.6              0.37332      8,508              0.010         1.1                  0.180          2.3 4.8                         245                        140.0             5.6                          2.3                  -                     -                0.2422          -                5.6               1.0                  1.40               
Apr-02 24.5 0.3102 108 2.3 4.6              0.47700      8,623              0.211         0.7                  0.231          3.9 4.8                         120                        140.0             5.6                          3.9                  -                     -                0.4016          -                5.6               1.0                  1.40               
May-02 28.2 0.0000 68.2 2.6 6.5              0.66756      8,837              0.249         0.5                  0.325          6.0 4.8                         3                             140.0             5.6                          4.8                  1.2                      463.39           0.4946          -                4.4               1.0                  1.40               
Jun-02 74 0.1811 48 6.9 11.7           1.17317      9,417              0.697         0.4                  0.586          11.5 4.8                         -                         -                -                          11.5                -                     -                1.1504          -                -               -                 -                
Jul-02 60.2 0.0930 49.6 5.6 17.1           1.67276      10,007            0.602         0.4                  0.855          16.5 4.8                         -                         -                -                          16.5                -                     -                1.6149          -                -               -                 -                
Aug-02 59.4 0.2189 62 5.6 22.0           2.10790      10,536            0.626         0.5                  1.101          21.0 4.8                         -                         -                -                          21.0                -                     -                2.0225          -                -               -                 -                
Sep-02 40.3 0.2258 87 3.8 24.8           2.34630      10,832            0.437         0.7                  1.241          23.3 4.8                         54                          140.0             5.6                          17.7                5.6                      2,198.78        1.7246          -                -               -                 1.40               
Oct-02 23.8 0.3109 136.4 2.2 19.9           1.92294      10,310            0.245         1.1                  0.995          18.1 4.8                         133                        140.0             5.6                          12.5                5.6                      2,198.78        1.2448          -                -               -                 1.40               
Nov-02 20 0.0600 180 1.9 14.3           1.41969      9,706              0.194         1.4                  0.717          12.5 4.8                         225                        140.0             5.6                          6.9                  5.6                      2,198.78        0.7026          -                -               -                 1.40               
Dec-02 1.2 0.0000 232.5 0.1 7.0              0.71377      8,889              0.011         1.6                  0.349          5.0 4.8                         310                        140.0             5.6                          4.8                  0.2                      97.19             0.4946          -                5.4               1.0                  1.40               
Jan-03 0.4 0.0000 244.9 0.0 4.8              0.49834      8,647              0.003         1.6                  0.241          2.9 4.8                         322                        140.0             5.6                          2.9                  -                     -                0.3065          -                5.6               1.0                  1.40               
Feb-03 11.8 0.2373 196 1.1 4.0              0.41954      8,559              0.101         1.3                  0.202          2.6 4.8                         286                        140.0             5.6                          2.6                  -                     -                0.2757          -                5.6               1.0                  1.40               
Mar-03 33.3 0.1201 167.4 3.1 5.8              0.59270      8,753              0.291         1.1                  0.288          4.6 4.8                         245                        140.0             5.6                          4.6                  -                     -                0.4785          -                5.6               1.0                  1.40               
Apr-03 48.4 0.3554 108 4.9 9.5              0.96031      9,170              0.444         0.8                  0.475          8.7 4.8                         120                        140.0             5.6                          4.8                  3.9                      1,533.87        0.4946          -                1.7               1.0                  1.40               
May-03 55.6 0.2446 68.2 5.2 10.0           1.00846      9,226              0.513         0.5                  0.499          9.5 4.8                         3                             140.0             5.6                          4.8                  4.7                      1,856.95        0.4946          -                0.9               1.0                  1.40               
Jun-03 67.8 0.3776 48 6.3 11.1           1.11796      9,352              0.634         0.3                  0.557          10.9 4.8                         -                         -                -                          10.9                -                     -                1.0921          -                -               -                 -                
Jul-03 78.2 0.1816 49.6 7.3 18.2           1.76927      10,123            0.792         0.4                  0.909          17.7 4.8                         -                         -                -                          17.7                -                     -                1.7238          -                -               -                 -                
Aug-03 72.6 0.3471 62 6.8 24.5           2.31672      10,795            0.784         0.5                  1.223          23.5 4.8                         -                         -                -                          23.5                -                     -                2.2352          -                -               -                 -                
Sep-03 51 0.1216 87 4.8 28.3           2.63454      11,195            0.571         0.8                  1.414          26.7 4.8                         54                          140.0             5.6                          21.1                5.6                      2,198.78        2.0258          -                -               -                 1.40               
Oct-03 14.2 0.0000 136.4 1.3 22.4           2.14110      10,577            0.150         1.1                  1.121          20.3 4.8                         133                        140.0             5.6                          14.7                5.6                      2,198.78        1.4550          -                -               -                 1.40               
Nov-03 20 0.0000 180 1.9 16.6           1.62641      9,952              0.199         1.4                  0.830          14.6 4.8                         225                        140.0             5.6                          9.0                  5.6                      2,198.78        0.9102          -                -               -                 1.40               
Dec-03 1.8 0.0000 232.5 0.2 9.1              0.92653      9,132              0.016         1.6                  0.457          7.1 4.8                         310                        140.0             5.6                          4.8                  2.3                      891.04           0.4946          -                3.3               1.0                  1.40               
Jan-04 1.6 0.0000 244.9 0.1 4.9              0.50969      8,660              0.014         1.6                  0.247          3.1 4.8                         322                        140.0             5.6                          3.1                  -                     -                0.3183          -                5.6               1.0                  1.40               
Feb-04 3.8 0.0000 196 0.4 3.4              0.35476      8,488              0.032         1.3                  0.171          2.0 4.8                         286                        140.0             5.6                          2.0                  -                     -                0.2074          -                5.6               1.0                  1.40               
Mar-04 1.8 0.0000 167.4 0.2 2.2              0.22483      8,345              0.015         1.1                  0.108          1.0 4.8                         245                        140.0             5.6                          1.0                  -                     -                0.1022          -                5.6               1.0                  1.40               
Apr-04 6.8 0.0000 108 0.6 1.6              0.16870      8,283              0.056         0.7                  0.081          0.9 4.8                         120                        140.0             5.6                          0.9                  -                     -                0.0936          -                5.6               1.0                  1.40               
May-04 38.4 0.2448 68.2 3.6 4.5              0.46435      8,609              0.331         0.5                  0.224          4.1 4.8                         3                             140.0             5.6                          4.1                  -                     -                0.4289          -                5.6               1.0                  1.40               
Jun-04 94.6 0.3066 48 8.9 13.0           1.29398      9,558              0.904         0.4                  0.650          12.9 4.8                         -                         -                -                          12.9                -                     -                1.2845          -                -               -                 -                
Jul-04 70 0.2343 49.6 6.6 19.4           1.88165      10,260            0.718         0.4                  0.972          18.8 4.8                         -                         -                -                          18.8                -                     -                1.8241          -                -               -                 -                
Aug-04 81.6 0.1887 62 7.6 26.4           2.48160      11,002            0.898         0.5                  1.322          25.5 4.8                         -                         -                -                          25.5                -                     -                2.4019          -                -               -                 -                
Sep-04 14 0.0000 87 1.3 26.8           2.51130      11,039            0.155         0.7                  1.339          24.9 4.8                         54                          140.0             5.6                          19.3                5.6                      2,198.78        1.8654          -                -               -                 1.40               
Oct-04 27.8 0.1223 136.4 2.6 21.9           2.09338      10,519            0.292         1.1                  1.093          19.9 4.8                         133                        140.0             5.6                          14.3                5.6                      2,198.78        1.4202          -                -               -                 1.40               
Nov-04 28 0.1857 180 2.6 17.0           1.66018      9,992              0.280         1.4                  0.848          15.0 4.8                         225                        140.0             5.6                          9.4                  5.6                      2,198.78        0.9518          -                -               -                 1.40               
Dec-04 11 0.0000 232.5 1.0 10.4           1.05114      9,275              0.102         1.7                  0.522          8.3 4.8                         310                        140.0             5.6                          4.8                  3.6                      1,395.76        0.4946          -                2.0               1.0                  1.40               
658.39048  -                
Max [ML/month 5.6                      0.5767          
[m^3/sec] 0.002                 
Dam Geometry
Early season
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Lake Grace Option 2b - Town runoff into new dam
Rainfall / Evaporation [mm]
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Lake Grace Option 2b - Town runoff into new dam
Water demand [ML]
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Lake Grace Option 2b - Town runoff into new dam 
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Lake Grace Option 2b - Town runoff into new dam
Water depth in dam [m]
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Runoff Estimation
Lake Grace Option 2a / 2b
Design rainfall details Runoff coefficients Area
Design yr 1 in 5 yr ARI Initial loss 25 mm for pervious Pervious 1672000 m2
Time conc 196.200 min Initial loss 0 mm for impervious Impervious 104000 m2
Intensity 8.210 mm/hr Runoff coefficient 1 pervious
1:5 rainfall threshold 26.8467 mm Runoff coefficient 0.9 impervious
Year Month Month-Year Day
Daily 
rainfall 
(From raw 
data)
Effective Rainfall 
pervious
Effective 
rainfall 
impervious
Accepted 
Rainfall 
pervious
Accepted 
rainfall 
impervious
Runoff from 
pervious area
Runoff from 
impervious 
area
Total daily 
runoff
[mm] [ML] [ML] [ML]
1994 1 1-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 25 0.4 0 0.4 0 0.4 0.000 0.037 0.037
1994 1 1-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 28 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 29 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 30 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 31 0 0 0 0 0 0.000 0.000 0.000
1-1994 Total 0.037
1994 2 2-1994 1 3.4 0 3.4 0 3.4 0.000 0.318 0.318
1994 2 2-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 25 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 28 0 0 0 0 0 0.000 0.000 0.000
2-1994 Total 0.318
1994 3 3-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 18 0 0 0 0 0 0.000 0.000 0.000
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Lake Grace 
Option 2a &2b - Monthly Runoff
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Runoff Estimation
Lake Grace Option 2a / 2b
Design rainfall details Runoff coefficients Area
Design yr 1 in 5 yr ARI Initial loss 25 mm for pervious Pervious 1672000 m2
Time conc 0.000 min Initial loss 0 mm for impervious Impervious 104000 m2
Intensity 0.000 mm/hr Runoff coefficient 1 pervious
1:5 rainfall threshold 0 mm Runoff coefficient 0.9 impervious
Year Month Month-Year Day
Daily 
rainfall 
(From raw 
data)
Effective Rainfall 
pervious
Effective 
rainfall 
impervious
Accepted 
Rainfall 
pervious
Accepted 
rainfall 
impervious
Runoff from 
pervious area
Runoff from 
impervious 
area
Total daily 
runoff
[mm] [ML] [ML] [ML]
1994 1 1-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 25 0.4 0 0.4 0 0.4 0.000 0.037 0.037
1994 1 1-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 28 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 29 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 30 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 31 0 0 0 0 0 0.000 0.000 0.000
1-1994 Total 0.037
1994 2 2-1994 1 3.4 0 3.4 0 3.4 0.000 0.318 0.318
1994 2 2-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 25 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 28 0 0 0 0 0 0.000 0.000 0.000
2-1994 Total 0.318
1994 3 3-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 25 0.2 0 0.2 0 0.2 0.000 0.019 0.019
1994 3 3-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 28 1 0 1 0 1 0.000 0.094 0.094
1994 3 3-1994 29 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 30 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 31 0 0 0 0 0 0.000 0.000 0.000
3-1994 Total 0.112
1994 4 4-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 4 4-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 4 4-1994 3 0 0 0 0 0 0.000 0.000 0.000
APPENDIX J: ENGINEERING REPORT
___________________________________________________________________________________________________________
J43
Lake Grace 
Option 3 - Eastern catchment monthly runoff
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Runoff Estimation
Lake Grace  - option 3
Design rainfall details Runoff coefficients Area
Design yr 1 in 5 yr ARI Initial loss 25 mm for pervious Pervious 1396000 m2
Duration 0.000 min Initial loss 0 mm for impervious Impervious 0 m2
Intensity 0.000 mm/hr Runoff coefficient 1 pervious
Rainfall 0 mm Runoff coefficient 0.9 impervious
Year Month Month-Year Day
Daily 
rainfall 
(From raw 
data)
Effective Rainfall 
pervious
Effective 
rainfall 
impervious
Accepted 
Rainfall 
pervious
Accepted 
rainfall 
impervious
Runoff from 
pervious area
Runoff from 
impervious 
area
Total daily 
runoff
[mm] [ML] [ML] [ML]
1994 1 1-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 25 0.4 0 0.4 0 0.4 0.000 0.000 0.000
1994 1 1-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 28 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 29 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 30 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 31 0 0 0 0 0 0.000 0.000 0.000
1-1994 Total 0.000
1994 2 2-1994 1 3.4 0 3.4 0 3.4 0.000 0.000 0.000
1994 2 2-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 25 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 28 0 0 0 0 0 0.000 0.000 0.000
2-1994 Total 0.000
1994 3 3-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 25 0.2 0 0.2 0 0.2 0.000 0.000 0.000
1994 3 3-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 28 1 0 1 0 1 0.000 0.000 0.000
1994 3 3-1994 29 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 30 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 31 0 0 0 0 0 0.000 0.000 0.000
3-1994 Total 0.000
1994 4 4-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 4 4-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 4 4-1994 3 0 0 0 0 0 0.000 0.000 0.000
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Lake Grace 
Option 3
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Runoff Estimation
Lake Grace Option 3 
Design rainfall details Runoff coefficients Area
Design yr 1 in 5 yr ARI Initial loss 25 mm for pervious Pervious 1672000 m2
Time conc 0.000 min Initial loss 0 mm for impervious Impervious 104000 m2
Intensity 0.000 mm/hr Runoff coefficient 1 pervious
1:5 rainfall threshold 0 mm Runoff coefficient 0.9 impervious
Year Month Month-Year Day
Daily 
rainfall 
(From raw 
data)
Effective Rainfall 
pervious
Effective 
rainfall 
impervious
Accepted 
Rainfall 
pervious
Accepted 
rainfall 
impervious
Runoff from 
pervious area
Runoff from 
impervious 
area
Total daily 
runoff
[mm] [ML] [ML] [ML]
1994 1 1-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 25 0.4 0 0.4 0 0.4 0.000 0.037 0.037
1994 1 1-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 28 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 29 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 30 0 0 0 0 0 0.000 0.000 0.000
1994 1 1-1994 31 0 0 0 0 0 0.000 0.000 0.000
1-1994 Total 0.037
1994 2 2-1994 1 3.4 0 3.4 0 3.4 0.000 0.318 0.318
1994 2 2-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 25 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 2 2-1994 28 0 0 0 0 0 0.000 0.000 0.000
2-1994 Total 0.318
1994 3 3-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 3 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 4 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 5 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 6 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 7 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 8 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 9 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 10 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 11 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 12 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 13 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 14 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 15 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 16 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 17 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 18 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 19 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 20 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 21 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 22 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 23 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 24 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 25 0.2 0 0.2 0 0.2 0.000 0.019 0.019
1994 3 3-1994 26 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 27 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 28 1 0 1 0 1 0.000 0.094 0.094
1994 3 3-1994 29 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 30 0 0 0 0 0 0.000 0.000 0.000
1994 3 3-1994 31 0 0 0 0 0 0.000 0.000 0.000
3-1994 Total 0.112
1994 4 4-1994 1 0 0 0 0 0 0.000 0.000 0.000
1994 4 4-1994 2 0 0 0 0 0 0.000 0.000 0.000
1994 4 4-1994 3 0 0 0 0 0 0.000 0.000 0.000
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Lake Grace 
Option 3 - Eastern catchment monthly runoff
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 Attachment C 
 
OTHER ENGINEERING 
CALCULATIONS 
 
 
 
 
 
Option 1 - Pump Curve  
 - long profile 
      
 
Option 2a - Pump curve 
 - long profile  
 - sump sizing 
      
 
Option 2b - Pump curve 
 - long profile 
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J49
     PUMP SYSTEM CURVE
          Project : Lake Grace - Option 1 - Sports Dam to Oval Reticulation
      Job Number: PEN405
*NOTE - FOR UNUSED SECTIONS TYPE LENGTH = 0
-there must always be a value in the I.D. cell for every section
-input cells marked in green
Pipe Characteristics                   Enter number                      Enter Levels
Section 1 Section 2 Section 3 Section 4
Length (m) 7820 0 0 0 Max. Pm elevation 355.00 m        IL
Internal Diameter (mm) 150 100 100 100 Pump Start elevation 310.00 m        IL
Max. Roughness (mm) 0.6 0.6 0.6 0.6 Pump Stop elevation 306.00 m        IL
Min. Roughness (mm) 0.15 0.15 0.15 0.15 Overflow elevation 313.00 m        IL
Velocity at duty flow (m/s) 0.74 1.67 1.67 1.67
Velocity Status marginal O.K. O.K. O.K.  (Velocity status based on Water Corporation's Wastewater Manual Volume Two)
Minor Losses
Maximum Design Static Head = 49.00 m
Item K Loss Number Number Number Number
Minimum Design Static Head = 42.00 m
Bends
90 deg 0.75 3 0 0 0
45 deg 0.30 0 0 0 0
22.5 deg 0.15 0 0 0 0 ENTER MAXIMUM FLOW 20 l/s
11.25 deg 0.05 0 0 0 0 TO APPEAR ON CURVE
Tees Enter target or duty flow 13.1 l/s
Through flow 0.30 0 0 0 0
Full flow to Branch 1.20 0 0 0 0 Other Checks:
Full flow from branch 0.90 0 0 0 0 - Is scour velocity achieved (> 0.75 m/s)?
- Is maximum velocity < 2.5 m/s ?
Entries - Is the high point at the outlet? 
Square 0.60 0 0 0 0   If not, check for intermediate duty points
Rounded 0.40 0 0 0 0 - Draw long section to check HGL remains
Protruding 1.00 0 0 0 0   above NSL at all points
Bell mouth 0.10 0 0 0 0
Exits
Sudden 1.00 0 0 0 0
Bell mouth 0.20 0 0 0 0
Tapers 
Flow to small end 0.01 0 0 0 0
Flow to large end
I/O Ratio 4:5 0.03 0 0 0 0
I/O Ratio 3:4 0.04 0 0 0 0
I/O Ratio 1:2 0.12 0 0 0 0
Sluice Valve
Fully Open 0.20 0 0 0 0
Half open 6.00 0 0 0 0
Other
NRV 0.60 1 0 0 0
Other 1 0.20 0 0 0 0
Other 2 0.20 0 0 0 0
Other 3 0.20 0 0 0 0
Total K Loss = 2.85 0 0 0
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Lake Grace - Option 1 - Sports Dam to Oval Reticulation
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Lake Grace - Option 1: Longsection from Sports Dam to Oval 
Reticulation
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Lake Grace: Option 2A -  Longsection from Town Sump to Sports 
Dam
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J53
     PUMP SYSTEM CURVE
          Project : Lake Grace - Option 2A - Town Sump Pumpback to Spor
      Job Number: PEN405
*NOTE - FOR UNUSED SECTIONS TYPE LENGTH = 0
-there must always be a value in the I.D. cell for every section
-input cells marked in green
Pipe Characteristics                   Enter number                      Enter Levels
Section 1 Section 2 Section 3 Section 4
Length (m) 7000 0 0 0 Max. Pm elevation 350.00 m        IL
Internal Diameter (mm) 90 100 100 100 Pump Start elevation 288.00 m        IL
Max. Roughness (mm) 0.6 0.6 0.6 0.6 Pump Stop elevation 286.20 m        IL
Min. Roughness (mm) 0.15 0.15 0.15 0.15 Overflow elevation 289.00 m        IL
Velocity at duty flow (m/s) 0.47 0.38 0.38 0.38
Velocity Status low low low low  (Velocity status based on Water Corporation's Wastewater Manual Volume Two)
Minor Losses
Maximum Design Static Head = 63.80 m
Item K Loss Number Number Number Number
Minimum Design Static Head = 61.00 m
Bends
90 deg 0.75 2 0 0 0
45 deg 0.30 2 0 0 0
22.5 deg 0.15 0 0 0 0 ENTER MAXIMUM FLOW 10 l/s
11.25 deg 0.05 0 0 0 0 TO APPEAR ON CURVE
Tees Enter target or duty flow 3 l/s
Through flow 0.30 0 0 0 0
Full flow to Branch 1.20 0 0 0 0 Other Checks:
Full flow from branch 0.90 0 0 0 0 - Is scour velocity achieved (> 0.75 m/s)?
- Is maximum velocity < 2.5 m/s ?
Entries - Is the high point at the outlet? 
Square 0.60 0 0 0 0   If not, check for intermediate duty points
Rounded 0.40 0 0 0 0 - Draw long section to check HGL remains
Protruding 1.00 0 0 0 0   above NSL at all points
Bell mouth 0.10 0 0 0 0
Exits
Sudden 1.00 0 0 0 0
Bell mouth 0.20 0 0 0 0
Tapers 
Flow to small end 0.01 0 0 0 0
Flow to large end
I/O Ratio 4:5 0.03 0 0 0 0
I/O Ratio 3:4 0.04 0 0 0 0
I/O Ratio 1:2 0.12 0 0 0 0
Sluice Valve
Fully Open 0.20 0 0 0 0
Half open 6.00 0 0 0 0
Other
NRV 0.60 1 0 0 0
Other 1 0.20 0 0 0 0
Other 2 0.20 0 0 0 0
Other 3 0.20 0 0 0 0
Total K Loss = 2.7 0 0 0
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Lake Grace - Option 2A - Town Sump Pumpback to Sports Dam
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Lake Grace: Option 2B - Longsection from New Dam to Oval 
Reticulation
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Lake Grace: Option 2B - Longsection from Town Sump to New Dam
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J57
     PUMP SYSTEM CURVE
          Project : Lake Grace - Option 2B (2) - New Dam to Oval Reticulat
      Job Number: PEN405
*NOTE - FOR UNUSED SECTIONS TYPE LENGTH = 0
-there must always be a value in the I.D. cell for every section
-input cells marked in green
Pipe Characteristics                   Enter number                      Enter Levels
Section 1 Section 2 Section 3 Section 4
Length (m) 1808 0 0 0 Max. Pm elevation 290.00 m        IL
Internal Diameter (mm) 90 100 100 100 Pump Start elevation 304.00 m        IL
Max. Roughness (mm) 0.6 0.6 0.6 0.6 Pump Stop elevation 299.50 m        IL
Min. Roughness (mm) 0.15 0.15 0.15 0.15 Overflow elevation 305.00 m        IL
Velocity at duty flow (m/s) 0.94 0.76 0.76 0.76
Velocity Status O.K. O.K. O.K. O.K.  (Velocity status based on Water Corporation's Wastewater Manual Volume Two)
Minor Losses
Maximum Design Static Head = -9.50 m
Item K Loss Number Number Number Number
Minimum Design Static Head = -15.00 m
Bends
90 deg 0.75 2 0 0 0
45 deg 0.30 0 0 0 0
22.5 deg 0.15 0 0 0 0 ENTER MAXIMUM FLOW 10 l/s
11.25 deg 0.05 0 0 0 0 TO APPEAR ON CURVE
Tees Enter target or duty flow 6 l/s
Through flow 0.30 0 0 0 0
Full flow to Branch 1.20 0 0 0 0 Other Checks:
Full flow from branch 0.90 0 0 0 0 - Is scour velocity achieved (> 0.75 m/s)?
- Is maximum velocity < 2.5 m/s ?
Entries - Is the high point at the outlet? 
Square 0.60 0 0 0 0   If not, check for intermediate duty points
Rounded 0.40 0 0 0 0 - Draw long section to check HGL remains
Protruding 1.00 0 0 0 0   above NSL at all points
Bell mouth 0.10 0 0 0 0
Exits
Sudden 1.00 0 0 0 0
Bell mouth 0.20 0 0 0 0
Tapers 
Flow to small end 0.01 0 0 0 0
Flow to large end
I/O Ratio 4:5 0.03 0 0 0 0
I/O Ratio 3:4 0.04 0 0 0 0
I/O Ratio 1:2 0.12 0 0 0 0
Sluice Valve
Fully Open 0.20 0 0 0 0
Half open 6.00 0 0 0 0
Other
NRV 0.60 1 0 0 0
Other 1 0.20 0 0 0 0
Other 2 0.20 0 0 0 0
Other 3 0.20 0 0 0 0
Total K Loss = 2.1 0 0 0
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Lake Grace - Option 2B (2) - New Dam to Oval Reticulation
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INPUT
     PUMP SYSTEM CURVE
          Project : Lake Grace - Option 2B - Town Sump to New Dam
      Job Number: PEN405
*NOTE - FOR UNUSED SECTIONS TYPE LENGTH = 0
-there must always be a value in the I.D. cell for every section
-input cells marked in green
Pipe Characteristics                   Enter number                      Enter Levels
Section 1 Section 2 Section 3 Section 4
Length (m) 700 0 0 0 Max. Pm elevation 305.00 m        IL
Internal Diameter (mm) 90 100 100 100 Pump Start elevation 288.00 m        IL
Max. Roughness (mm) 0.6 0.6 0.6 0.6 Pump Stop elevation 286.20 m        IL
Min. Roughness (mm) 0.15 0.15 0.15 0.15 Overflow elevation 289.00 m        IL
Velocity at duty flow (m/s) 0.94 0.76 0.76 0.76
Velocity Status O.K. O.K. O.K. O.K.  (Velocity status based on Water Corporation's Wastewater Manual Volume Two)
Minor Losses
Maximum Design Static Head = 18.80 m
Item K Loss Number Number Number Number
Minimum Design Static Head = 16.00 m
Bends
90 deg 0.75 1 0 0 0
45 deg 0.30 0 0 0 0
22.5 deg 0.15 0 0 0 0 ENTER MAXIMUM FLOW 10 l/s
11.25 deg 0.05 0 0 0 0 TO APPEAR ON CURVE
Tees Enter target or duty flow 6 l/s
Through flow 0.30 0 0 0 0
Full flow to Branch 1.20 0 0 0 0 Other Checks:
Full flow from branch 0.90 0 0 0 0 - Is scour velocity achieved (> 0.75 m/s)?
- Is maximum velocity < 2.5 m/s ?
Entries - Is the high point at the outlet? 
Square 0.60 0 0 0 0   If not, check for intermediate duty points
Rounded 0.40 0 0 0 0 - Draw long section to check HGL remains
Protruding 1.00 0 0 0 0   above NSL at all points
Bell mouth 0.10 0 0 0 0
Exits
Sudden 1.00 0 0 0 0
Bell mouth 0.20 0 0 0 0
Tapers 
Flow to small end 0.01 0 0 0 0
Flow to large end
I/O Ratio 4:5 0.03 0 0 0 0
I/O Ratio 3:4 0.04 0 0 0 0
I/O Ratio 1:2 0.12 0 0 0 0
Sluice Valve
Fully Open 0.20 0 0 0 0
Half open 6.00 0 0 0 0
Other
NRV 0.60 1 0 0 0
Other 1 0.20 0 0 0 0
Other 2 0.20 0 0 0 0
Other 3 0.20 0 0 0 0
Total K Loss = 1.35 0 0 0
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Lake Grace - Option 2B - Town Sump to New Dam
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J61
 Pumped Detention Basin - Pump / Flow Analysis Version : 1.0
Client: Dept of Agriculture Job No : PEN405
Project : Rural Town Water Supply Design
Comments : Lake Grace - Options 2A (Pumpback)
Geometry Pump Controls Derived Sump Volumes Hydrograph
H0 : 286.5 m A0 : 5000 sq.m BWL 1 : 286.2 m H0 : 286.5 m V0 : -         cub.m T0 : 0 mins Q0 : 0 cub.m/s
H1 : 286.6 m A1 : 5000 sq.m TWL 1 : 287.0 m H1 : 286.6 m V1 : 500        cub.m T1 : 80 mins Q1 : 0.32 cub.m/s
H2 : 286.7 m A2 : 5000 sq.m BWL 2 : 286.2 m H2 : 286.7 m V2 : 1,000     cub.m T2 : 120 mins Q2 : 0.65 cub.m/s
H3 : 286.8 m A3 : 5000 sq.m TWL 2 : 287.0 m H3 : 286.8 m V3 : 1,500     cub.m T3 : 160 mins Q3 : 1.02 cub.m/s
H4 : 287.0 m A4 : 5000 sq.m H4 : 287.0 m V4 : 2,500     cub.m T4 : 200 mins Q4 : 1.36 cub.m/s
H5 : 287.5 m A5 : 5000 sq.m H5 : 287.5 m V5 : 5,000     cub.m T5 : 240 mins Q5 : 1.02 cub.m/s
H6 : 288.0 m A6 : 5000 sq.m H6 : 288.0 m V6 : 7,500     cub.m T6 : 280 mins Q6 : 0.65 cub.m/s
H7 : 288.5 m A7 : 5000 sq.m H7 : 288.5 m V7 : 10,000   cub.m T7 : 320 mins Q7 : 0.32 cub.m/s
H8 : 289.0 m A8 : 5000 sq.m H8 : 289.0 m V8 ; 12,500   cub.m T8 : 360 mins Q8 : 0 cub.m/s
Starting Volume : 0 cub.m
Starting Level : 286.5 m
Pump1 : 3         L/s
Pump 2 Extra : -      L/s
Derived Sump Volume Relationship
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 Attachment D 
 
DETAILS OF COST 
ESTIMATES 
 
 
 
 
 
Option 1 
Option 2a 
Option 2b 
Option 3 
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Upgrade Water Supply at Lake Grace
for
Department of Agriculture
Option 1 - Existing Sports Dam Date Prepared: 29/7/05 Date Prepared: 22/12/05
Accuracy: -20+30%
Location Allowance: 130 Prepared by: Prepared by:
Item 
No Descriptions Quantity Unit Rate Total Quantity Unit Rate Total Comment
$ $ $ $
Upgrade inlet structure for existing sports dam
1 Allow to access existing inlet area 1 Item 500$                500$                  0 Item 500$           -$                
2 Allow to regrade existing inlet area to suit contours
500$           
spend a token amount to use council 
backhoe or similar to do some minor 
maintenance only
Mob/demobilize 2 item 150$                300$                  0 item 150$           -$                
Spotter 25 hours 80$                  2,000$               0 hours 80$             -$                
Total Cost 2,800$               Total Cost 500$           
Upgrade outlet structure for existing sports dam
1 Allow to access existing  outlet area 1 Item 500$                500$                  0 Item 500$           -$                
2
Carefully break out old concrete outlet structure with metal grillage 
and remove from site
500$           
spend a token amount to use council 
backhoe or similar to do some minor 
maintenance only
Compressor 10 hours 30$                  300$                  0 hours 30$             -$                
Truck 2 hours 120$                240$                  0 hours 120$           -$                
Bobcat 10 hours 120$                1,200$               0 hours 120$           -$                
3
Concrete 0.608 vol 700$                426$                  0 vol 700$           -$                
Rebar 0.079 item 1,500$             119$                  0.0 item 1,500$        -$                
Formwork 6.24 item 80$                  499$                  0 item 80$             -$                
Grillage 1 item 1,000$             1,000$               0 item 1,000$        -$                
Total Cost 4,283$               Total Cost 500$           
Upgrade overflow structure for existing sports dam
1 Allow to access existing  overflow area 1 Item 500.00$           500$                  0 Item 500.00$      -$                
2
Excavator 10 hours 120$                1,200$               10 hours 120$           1,200$        
Truck 8 hours 120$                960$                  8 hours 120$           960$           
Spotter 10 hours 80$                  800$                  10 hours 80$             800$           
3
Form new spillway structure complete - based on rocks set in 
concrete
alternate is to install a "T" in the outlet to 
town to allow "rapid" discharge of water 
from the dam if required to lower water 
levels
150mm concrete bed 8.25 vol 600$                4,950$               0 vol 600$           -$                
Mesh reinforcement 55 item 30$                  1,650$               0 item 30$             -$                
Formwork 50 item 12$                  600$                  0 item 12$             -$                
Rock protection 55 item 30$                  1,650$               0 item 30$             -$                
4
Excavator 10 hours 120$                1,200$               0 hours 120$           -$                
Spotter 10 hours 80$                  800$                  0 hours 80$             -$                
Total Cost 14,310$             Total Cost 2,960$        
Increase size of existing sports dam catchment
1
Site clearance of bush and vegetation, regrading of surface and 
installation of V drains 18.3 ha 6,000$             109,800$           18.3 ha 5,000$        91,500$      
Total Cost 109,800$           Total Cost 91,500$      
Total for Option 1
Upgrade inlet structure for existing sports dam 2,800$               500$           
Upgrade outlet structure for existing sports dam 4,283$               500$           
Upgrade overflow structure for existing sports dam 14,310$             2,960$        
Increase size of existing sports dam catchment 109,800$           91,500$      
Total 131,193$           Total 95,460$      
Location Allowance 30% 39,358$             0% -$                
Total 170,551$           Total 95,460$      
General Contractors prelims including Supervision, site 
accommodation, ablutions, cribs, site clean up, etc
20% 34,110$             0% -$                
Total 204,662$           Total 95,460$      
Remove existing spillway, excavate as necessary for new spillway
Allow to make good earthworks including resealing around collars
Form new outlet structure around existing outlet pipe complete with 
grillage
Project No: PEN405
KBR with DAWAA.Boddam-Whetham
Project No: PEN405
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EPCM fees 10% 20,466$             0% -$                
Contingencies 10% 20,466$             0% -$                
Total Cost 245,594$           Total Cost 95,460$      
Exclusions/Assumptions
GST excluded
Inflation Excluded
Excavation assumed as in sand/clay. Rock excavation excluded
Assumed Competitive tender conditions
Environmental management excluded
DoA costs excluded
Assumed Dam Access reasonably dry
Assumed Power supply to Pump Stations adjacent - no allowance for incoming supplies
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for
Department of Agriculture
Option 2a - Surface Runoff to Existing Dam Date Prepared: 29/7/05 Date Prepared: 22/12/05
Accuracy: -20+30%
Location Allowance: 130 Prepared by: Prepared by:
Item 
No Descriptions Quantity Unit Rate Total Quantity Unit Rate Total Comment
$ $ $ $
Upgrade inlet structure for existing sports dam
1 Allow to access existing inlet area 1 Item 500$                500$                     -$               
2 Allow to regrade existing inlet area to suit contours
500$              
spend a token amount to use council backhoe or 
similar to do some minor maintenance only
Mob/demobilize 2 item 150$                300$                     0 days 150 -$               
Spotter 30 hours 80$                  2,400$                  0 hrs 80 -$               
Total Cost 3,200$                  Total 500$              
Upgrade outlet structure for existing sports dam
1 Allow to access existing  outlet area 1 Item 500$                500$                     Item -$               
2
Carefully break out old concrete outlet structure with metal grillage 
and remove from site Item
500$              
spend a token amount to use council backhoe or 
similar to do some minor maintenance only
Compressor 10 hours 30$                  300$                     0 Hrs 30 -$               
Truck 2 hours 120$                240$                     0 Hrs 120 -$               
Bobcat 10 hours 120$                1,200$                  0 Hrs 120 -$               
Item
3
Concrete 0.61 vol 700$                426$                     0 m3 700 -$               
Rebar 0.08 item 1,500$             119$                     0 item 1,500$        -$               
Formwork 6 item 80$                  499$                     0 m2 80 -$               
Grillage 1 item 1,000$             1,000$                  0 Item 1,000 -$               
Total Cost 4,283$                  Total 500$              
Upgrade overflow structure for existing sports dam
Allow to access existing  overflow area 1 Item 500$                500$                     Item -$               
1
2 Remove existing spillway, excavate as necessary for new spillway
Excavator 10 hours 120$                1,200$                  10 hrs 120 1,200$           
Truck 8 hours 120$                960$                     8 hrs 120 960$              
Spotter 10 hours 80$                  800$                     10 hrs 80 800$              
3
Form new spillway structure complete - based on rocks set in 
concrete
150mm concrete bed 2x5+4x5 8.25 m3 600$                4,950$                  0 m2 600 -$               
alternate is to install a "T" in the outlet to town to 
allow "rapid" discharge of water from the dam if 
required to lower water levels
Mesh reinforcement 55 item 30$                  1,650$                  0 Item 30 -$               
Formwork 50 item 12$                  600$                     0 Item 12 -$               
Rock protection 55 item 30$                  1,650$                  0 Item 30 -$               
4 Allow to make good earthworks including resealing around collars
Excavator 10 hours 120$                1,200$                  0 hrs 120 -$               
Spotter 10 hours 80$                  800$                     0 hrs 80 -$               
Total Cost 14,310$                Total 2,960$           
Upgrade drainage channel along Kulin-Lake Grace Road for 1:10 year peak flow
1 Allow to access existing  drainage channel 1 Item 500$                500$                     0 Item 500$           -$               
2
Regrade existing drainage channel including forming 1:4 banks 
400m long x 1m deep 2m bottom with 1:4 sides
0.4 km 2,500 1,000$           
broad based grade bank constructed with a road 
grader - assuming 500mm deep and less than 8m 
channel width
Excavator 150 hours 120$                18,000$                0 hours 120$           -$               
Truck 150 hours 120$                18,000$                0 hours 120$           -$               
Spotter 150 hours 80$                  12,000$                0 hours 80$             -$               
Total Cost 48,500$                Total Cost 1,000$           
Construct new culvert
Allow to access new sump site 1 Item 500$                500$                     1 Item 500$           500$              
1
2 Construct culverts
Excavate through road, remove/backfill 65 m3 100$                6,500$                  65 m3 100$           6,500$           
Blinding concrete 6.5 m3 1,200$             7,800$                  6.5 m3 1,200$        7,800$           
Project No: PEN405 Project No: PEN405
KBR with DAWA rates
Form new outlet structure around existing outlet pipe complete with 
grillage
A.Boddam-Whetham
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150mm reinforced concrete in base 9.75 m3 1,500$             14,625$                9.75 m3 1,500$        14,625$         
Head walls of reinforced concrete 3.6 m3 2,000$             7,200$                  3.6 m3 2,000$        7,200$           
PC box culvert sections 750 x 600 (10m long) 26 item 359$                9,334$                  26 item 359$           9,334$           
PC box culvert sections 900 x450 (10m long) 13 item 369$                4,797$                  13 item 369$           4,797$           
Relay road construction and two coat seal 143 m2 50$                  7,150$                  143 m2 50$             7,150$           
Total Cost 57,906$                Total Cost 57,906$         
Construct new sump
1 Allow to access new sump site 1 Item 500$                500$                     Item -$               mobilisation costs built into the rates below
2 Construct new sump Item
Excavator 350 hours 120$                42,000$                12603 m3 2.20 27,727$         
71m x 71m x 2.5m sump - constructed with a 
bulldozer (approx 1500m3) @ $2.20/m3
Truck 350 hours 120$                42,000$                0 Hrs 120 -$               
Spotter 350 hours 80$                  28,000$                0 Hrs 80 -$               
Sand stabilised as bedding 1 item 22,500$           22,500$                0 Item 22,500 -$               
Compactor 150 hours 20$                  3,000$                  0 Hrs 20 -$               
Operator 150 hours 80$                  12,000$                0 Hrs 80 -$               
3 PVC lining to dam including turning in at top and hold down sleeves Item
lining 8500 item 6.5$                 55,250$                0 m2 6.5 -$               
does not matter if the dam leaks - will commence 
pumping the water out of the dam within 72 hours 
anyway
mob/demob 2 item 1,000$             2,000$                  0 Item 2,000 -$               
ballast tubes 30 item 200$                6,000$                  0 nr 200 -$               
Trench for turn in 360 item 8$                    2,880$                  0 m 8 -$               
Additional support at inlet 1 item 3,000$             3,000$                  0 Item 3,000 -$               
4 New spillway Item
150mm concrete bed 8.25 m3 600$                4,950$                  1 item 1,000 1,000$           
level sill outlet from the sump into the existing 
gradebank flowing south-west from the sump
Mesh reinforcement 55 item 30$                  1,650$                  1 Item 750 -$               
Formwork 50 item 12$                  600$                     1 Item 360 -$               
Rock protection 55 item 30$                  1,650$                  1 Item 750 -$               
Total Cost 227,980$              Total 28,727$         
Pump from new sump to existing sports dam
1 Allow for pumps complete installed and commissioned 1 Item 6,000$             6,000$                  Item 6,000$           
Item
2 Allow for pipe spools to feed and delivery of pump including valves
90mm pipe spool x 2 1 item 1,000$             1,000$                  2 Nr 1,000 2,000$           
Supply pipe from Dam 1 item 2,000$             2,000$                  Item 1,500$           
90mm valves 1 item 750$                750$                     Item 600$              
Support brackets 2 item 300$                600$                     
Item
3
Form building to house pumps including access, lighting, and 
power to pump
Excavate to prepare base 1 item 330$                330$                     8 M3 41.25 330$              Shire would likely coer this element
Reinforced concrete slab 300mm thick 7.5 vol 600$                4,500$                  8 M3 600 4,500$           
Rebar 0.9 vol 1,600$             1,440$                  0.80 t 0 -$               no rio included
Formwork to edges 20 item 20$                  400$                     25 m 16 400$              
Steel framing with zinczlume cladding to walls and roof 100 item 50$                  5,000$                  Item 1,400$           
based on shire likely to collect shed from rural 
shed supplier such as WA Sheds
Sound insulation 100 item 20$                  2,000$                  Item -$               no sound insulation
Extra for double door 1 item 1,000$             1,000$                  Item 1,000$           
Allow for lighting 1 item 750$                750$                     Item 750$              
Allow for control panel and local wiring to pump 1 item 5,000$             5,000$                  Item 5,000$           
Additional for transformer Item 3,500$           
$3.5k for pole, transformer, connection, meter box 
- in town
Total Cost 30,770$                Total 26,980$         
Pipe to connect from new sump to existing pipe route to sports dam
Allow to access existing  outlet area 1 Item 500$                500$                     0 Item 500$           -$               
Mobilisation costs - costs would typically be 
included in the rate if there were a cost for this 
element
1
2.5km of 400mm trench was $6/k, backfill and 
joiners in 110mm pipeline
2
Excavate trench for and including 90mm Class 9 pipe including 
fittings, bedding material and backfill
$140/h @ 2km per 10 hr day for reverse 
interceptor construction plus another day for 
backfilling - needs to be cross checked against 
Wagin
must achieve 600mm cover to meet eng design 
for Cl9 pipe - Wagin example has used a grader 
and backhoe to achieve 6-700mm cover
Excavate trench for DN90mm Class 9 pipe including bedding 
material and backfill 260 m 35$                  9,100$                  260 m 1.4 364$              
assumed Perth supply, delivery to site, stringing, 
welding and installation - check with recent Wagin 
experience from AgWA for rate
90mm PE Class 9 pipe 260 m 31$                  8,060$                  260 m 31 8,060$            $                                                                      9.60 
probably class 6 pipeline
3
Connection to existing including manual valves on new and existing 
lines with valve pits Item Item
Excavate Item 120$                     Item 120$              
Cut out section Item 80$                       Item 80$                
New tee with flange Item 800$                     Item 800$              
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Flange on new Item 200$                     Item 200$              
Flange on existing Item 250$                     Item 250$              
90mm Valves 2 Nr 750 1,500$                  2 Nr 750 1,500$           
90mm Valve Pits 2 Nr 750 1,500$                  2 Nr 750 1,500$           
Total Cost 22,110$                Total 12,874$         
Total for Option 2a
Upgrade inlet structure for existing sports dam 3,200$                  500$              
Upgrade outlet structure for existing sports dam 4,283$                  500$              
Upgrade overflow structure for existing sports dam 14,310$                2,960$           
Upgrade drainage channel along Kulin-Lake Grace Road for 1:10 year peak flow 48,500$                1,000$           
Construct new culvert 57,906$                57,906$         
Construct new sump 227,980$              28,727$         
Pump from new sump to existing sports dam 30,770$                26,980$         
Pipe to connect from new sump to existing pipe route to sports dam 22,110$                12,874$         
Total 409,059$              Total 131,447$       
Location Allowance 30% 122,718$              0% -$               
Total 531,777$              Total 131,447$       
General Contractors prelims including Supervision, site 
accommodation, ablutions, cribs, site clean up, etc
20% 106,355$              0% -$               
Total 638,133$              Total 131,447$       
EPCM fees 10% 63,813$                0% -$               
Contingencies 10% 63,813$                0% -$               
Total Cost 765,759$              Total Cost 131,447$       
Exclusions/Assumptions
GST excluded
Inflation Excluded
Excavation assumed as in sand/clay. Rock excavation excluded
Assumed Competitive tender conditions
Environmental management excluded
DoA costs excluded
Assumed Dam Access reasonably dry
Assumed Power supply to Pump Stations adjacent - no allowance for incoming supplies
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Department of Agriculture
Option 2b - Surface Runoff to New Dam Date Prepared: 29/7/05 Date Prepared: 22/12/05
Accuracy: -20+30%
Location Allowance: 130 Prepared by: Prepared by:
Item 
No Descriptions Quantity Unit Rate Total Quantity Unit Rate Total Comment
$ $ $ $
Upgrade drainage channel along Pingrup-Lake Grace Road for 1:10 
year peak flow
1 Allow to access existing inlet area 1 Item 500.00$           500$                     0 Item 500$           -$            
2 400m long x 1m deep 2m bottomwith 1:4 sides
0.4 km 2,500 1,000$        
broad based grade bank constructed 
with a road grader - assuming 500mm 
deep and less than 8m channel width
Excavator 150 hours 120$                18,000$                0 hours 120$           -$            
Truck 150 hours 120$                18,000$                0 hours 120$           -$            
Spotter 150 hours 80$                  12,000$                0 hours 80$             -$            
Total Cost 48,500$                Total Cost 1,000$        
Construct new culvert
1 Allow to access new sump site 1 Item 500$                500$                     1 Item 500$           500$           
2 Construct new sump
Excavate through road, remove/backfill 65 m3 100$                6,500$                  65 m3 100$           6,500$        
Blinding concrete 6.5 m3 1,200$             7,800$                  6.5 m3 1,200$        7,800$        
150mm reinforced concrete in base 9.75 m3 1,500$             14,625$                9.75 m3 1,500$        14,625$      
Head walls of reinforced concrete 3.6 m3 2,000$             7,200$                  3.6 m3 2,000$        7,200$        
PC box culvert sections 750 x 600 26 item 359$                9,334$                  26 item 359$           9,334$        
PC box culvert sections 900 x450 13 item 369$                4,797$                  13 item 369$           4,797$        
Relay road construction and two coat seal 143 m2 50$                  7,150$                  143 m2 50$             7,150$        
Total Cost 57,906$                Total Cost 57,906$      
Construct new dam (77ML)
1 Allow to access new dam area 1 Item 500$                500$                     Item -$            
2 Construct new dam complete and prepared for PVC lining Item Item
Excavator 550 Hrs 120 66,000$                63,183           m3 2.50 157,958$    
bulldozer to rip and scraper to build, 
some dry compaction only @ $2.50/m
Trucks 550 Hrs 120 66,000$                550 Hrs 100 -$            
Spotter/Labour 550 Hrs 80 44,000$                275 Hrs 80 -$            
Compactor 100 Hrs 20 2,000$                  50 Hrs 20 -$            
Operator 100 Hrs 80 8,000$                  50 Hrs 80 -$            
Siteworks (clearing) 20 Hrs 140 2,800$        clearing @ $140/h for 10 hours
Test drilling of the site 3 days 1000 3,000$        
test drilling (400 for travel and 600 for 
drilling per dam site)
Geotech lab work to evaluate clay 3 sites 2000 6,000$        
3 Item Item
Lining 11000 m 6.5 71,500$                11000 m 6.5 71,500$      
if  the clay at the site is adequate no 
liner is required
Mob/Demob Item 3,000$                  Item 3,000$        
Ballast tubes 32 nr 200 6,400$                  16 nr 200 3,200$        
Trench for Turn In 500 m 8 4,000$                  250 m 8 2,000$        
Additional Support at Inlet Item 4,000$                  Item 4,000$        
Stabilised Sand Bed Item 22,000$                Item 22,000$      
4 New spillway Item Item
150mm Concrete Bed 8 m2 600 2,250$                  8 m2 0 -$            
alternate is to install a "T" in the outlet 
to town to allow "rapid" discharge of 
water from the dam if required to lower 
water levels
Mesh Reinforcement 55 Item 30 1,650$                  55 Item 750 -$            
Formwork 50 Item 12 600$                     50 Item 360 -$            
Rock Protection 55 Item 30 1,650$                  55 Item 750 -$            
Total 303,550$              Total 269,458$    With Liner (no lab test required)
Total 169,758$    With-out liner
Reticulation line from new dam to oval
Allow to access existing  outlet area 1 Item 500$                500$                     0 Item 500$           -$            
Mobilisation costs - costs would 
typically be included in the rate if there 
were a cost for this element
1
2.5km of 400mm trench was $6/k, 
backfill and joiners in 110mm pipeline
2
Excavate trench for and including 90mm Class 9 pipe including 
fittings, bedding material and backfill
@ p y
reverse interceptor construction plus 
another day for backfilling - needs to be 
cross checked against Waginmust achieve 600mm cover to meet 
eng design for Cl9 pipe - Wagin 
example has used a grader and 
backhoe to achieve 6-700mm cover
Excavate trench for DN90mm Class 9 pipe including bedding 
material and backfill 100 m 35$                  3,500$                  100 m 1.4 140$           
pp y, y ,
stringing, welding and installation - 
check with recent Wagin experience 
from AgWA for rate
90mm PE Class 9 pipe 100 m 31$                  3,100$                  100 m 31 3,100$         $                                                     9.60 
probably class 6 pipeline
PVC lining to dam including turning in at top and hold down sleeves
Project No: PEN405
KBR with DAWAA.Boddam-Whetham
Project No: PEN405
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3
Connection to existing including manual valves on new and existing 
lines with valve pits Item Item
Excavate Item 120$                     Item 120$           
Cut out section Item 80$                       Item 80$             
New tee with flange Item 800$                     Item 800$           
Flange on new Item 200$                     Item 200$           
Flange on existing Item 250$                     Item 250$           
90mm Valves 2 Nr 750 1,500$                  2 Nr 750 1,500$        
90mm Valve Pits 2 Nr 750 1,500$                  2 Nr 750 1,500$        
Total Cost 11,550$                Total 7,690$        
Pump from new dam to oval
1 Allow for pumps complete installed and commissioned 1 Item 6,000$             6,000$                  Item 6,000$        
2 Allow for pipe spools to feed and delivery of pump including valves Item
90mm pipe spool x 2 1 item 1,000$             1,000$                  1 item 1,000$        1,000$        
Supply pipe from Dam 1 item 2,000$             2,000$                  1 item 2,000$        2,000$        
90mm valves 1 item 750$                750$                     1 item 750$           750$           
Support brackets 2 item 300$                600$                     2 item 300$           600$           
3
Form building to house pumps including access, lighting, and power 
to pump
Excavate to prepare base 1 item 330$                330$                     8 M3 41.25 330$           Shire would likely coer this element
Reinforced concrete slab 300mm thick 7.5 vol 600$                4,500$                  8 M3 600 4,500$        
Rebar 0.9 vol 1,600$             1,440$                  0.80 t 0 -$            no rio included
Formwork to edges 20 item 20$                  400$                     25 m 16 400$           
Steel framing with zinczlume cladding to walls and roof 100 item 50$                  5,000$                  Item 1,400$        
y
from rural shed supplier such as WA 
Sound insulation 100 item 20$                  2,000$                  Item -$            no sound insulation
Extra for double door 1 item 1,000$             1,000$                  Item 1,000$        
Allow for lighting 1 item 750$                750$                     Item 750$           
Allow for control panel and local wiring to pump 1 item 5,000$             5,000$                  Item 5,000$        
Item 3,500$        
$3.5k for pole, transformer, connection, 
meter box - in town
Total Cost 30,770$                Total 27,230$      
Construct new sump
1 Allow to access new sump site 1 Item 500$                500$                     Item -$            
mobilisation costs built into the rates 
below
2 Construct new sump Item
Excavator 350 hours 120$                42,000$                12603 m3 2.20 27,727$      
71m x 71m x 2.5m sump - constructed 
with a bulldozer (approx 1500m3) @ 
$2.20/m3
Truck 350 hours 120$                42,000$                0 Hrs 120$           -$            
Spotter 350 hours 80$                  28,000$                0 Hrs 80$             -$            
Sand stabilised as bedding 1 item 22,500$           22,500$                0 Item 22,500$      -$            
Compactor 150 hours 20$                  3,000$                  0 Hrs 20$             -$            
Operator 150 hours 80$                  12,000$                0 Hrs 80$             -$            
3 PVC lining to dam including turning in at top and hold down sleeves Item
lining 8500 m2 6.5$                 55,250$                0 m2 6.5 -$            
does not matter if the dam leaks - will 
commence pumping the water out of 
the dam within 72 hours anyway
mob/demob 2 item 1,000$             2,000$                  0 Item 2,000 -$            
ballast tubes 30 item 200$                6,000$                  0 nr 200 -$            
Trench for turn in 360 item 8$                    2,880$                  0 m 8 -$            
Additional support at inlet 1 item 3,000$             3,000$                  0 Item 3,000 -$            
4 New spillway Item
150mm concrete bed 8.25 m3 600$                4,950$                  1 Item 1,000 1,000$        
level sill outlet from the sump into the 
existing gradebank flowing south-west 
from the sump
Mesh reinforcement 55 item 30$                  1,650$                  0 Item 30 -$            
Formwork 50 item 12$                  600$                     0 Item 12 -$            
Rock protection 55 item 30$                  1,650$                  0 Item 30 -$            
Total Cost 227,980$              Total 28,727$      
Pump from new sump to new dam
1 Allow for pumps complete installed and commissioned 1 Item 6,000$             6,000$                  Item 6,000$        
Item
2 Allow for pipe spools to feed and delivery of pump including valves
90mm pipe spool x 2 1 item 1,000$             1,000$                  1 item 1,000$        1,000$        
Supply pipe from Dam 1 item 2,000$             2,000$                  1 item 2,000$        2,000$        
90mm valves 1 item 750$                750$                     1 item 750$           750$           
Support brackets 2 item 300$                600$                     2 item 300$           600$           
3
Form building to house pumps including access, lighting, and power 
to pump
Excavate to prepare base 1 item 330$                330$                     8 M3 41.25 330$           Shire would likely coer this element
Reinforced concrete slab 300mm thick 7.5 vol 600$                4,500$                  8 M3 600 4,500$        
Rebar 0.9 vol 1,600$             1,440$                  0.80 t 0 -$            no rio included
Formwork to edges 20 item 20$                  400$                     25 m 16 400$           
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Steel framing with zinczlume cladding to walls and roof 100 item 50$                  5,000$                  Item 1,400$        
based on shire likely to collect shed 
from rural shed supplier such as WA 
Sheds
Sound insulation 100 item 20$                  2,000$                  Item -$            no sound insulation
Extra for double door 1 item 1,000$             1,000$                  Item 1,000$        
Allow for lighting 1 item 750$                750$                     Item 750$           
Allow for control panel and local wiring to pump 1 item 5,000$             5,000$                  Item 5,000$        
Additional for transformer Item 3,500$        
$3.5k for pole, transformer, connection, 
meter box - in town
Total Cost 30,770$                Total 27,230$      
Pipe to connect from new sump to new dam
Allow to access existing  outlet area 1 Item 500$                500$                     0 Item 500$           -$            
Mobilisation costs - costs would 
typically be included in the rate if there 
were a cost for this element
1
2.5km of 400mm trench was $6/k, 
backfill and joiners in 110mm pipeline
2
Excavate trench for and including 90mm Class 9 pipe including 
fittings, bedding material and backfill
@ p y
reverse interceptor construction plus 
another day for backfilling - needs to be 
cross checked against Waginmust achieve 600mm cover to meet 
eng design for Cl9 pipe - Wagin 
example has used a grader and 
backhoe to achieve 6-700mm cover
Excavate trench for DN90mm Class 9 pipe including bedding 
material and backfill 700 m 35$                  24,500$                700 m 1.4 980$           
pp y, y ,
stringing, welding and installation - 
check with recent Wagin experience 
from AgWA for rate
90mm PE Class 9 pipe 700 m 31$                  21,700$                700 m 31 21,700$       $                                                     9.60 
probably class 6 pipeline
3
Connection to existing including manual valves on new and existing 
lines with valve pits Item Item
Excavate Item 120$                     Item 120$           
Cut out section Item 80$                       Item 80$             
New tee with flange Item 800$                     Item 800$           
Flange on new Item 200$                     Item 200$           
Flange on existing Item 250$                     Item 250$           
90mm Valves 2 Nr 750 1,500$                  2 Nr 750 1,500$        
90mm Valve Pits 2 Nr 750 1,500$                  2 Nr 750 1,500$        
Total Cost 51,150$                Total 27,130$      
Total for Option 2b
Upgrade drainage channel along Pingrup-Lake Grace Road for 1:10 
year peak flow 48,500$                1,000$        
Construct new culvert 57,906$                57,906$      
Construct new dam (77ML) 303,550$              269,458$    
169,758$    
Reticulation line from new dam to oval 11,550$                7,690$        
Pump from new dam to oval 30,770$                27,230$      
Construct new sump 227,980$              28,727$      
Pump from new sump to new dam 30,770$                27,230$      
Pipe to connect from new sump to new dam 51,150$                27,130$      
Total 762,176$              Total 446,370$    With liner
346,670$    Without liner
Location Allowance 30% 228,653$              0% -$                
Total 990,829$              Total 446,370$    
General Contractors prelims including Supervision, site 
accommodation, ablutions, cribs, site clean up, etc
20% 198,166$              0% -$                
Total 1,188,995$           Total 446,370$    
EPCM fees 10% 118,899$              0% -$                
Contingencies 10% 118,899$              0% -$                
Total Cost 1,426,793$           Total Cost 446,370$    
Exclusions/Assumptions
GST excluded
Inflation Excluded
Excavation assumed as in sand/clay. Rock excavation excluded
Assumed Competitive tender conditions
Environmental management excluded
DoA costs excluded
Assumed Dam Access reasonably dry
Assumed Power supply to Pump Stations adjacent - no allowance for incoming supplies
APPENDIX J: ENGINEERING REPORT
___________________________________________________________________________________________________________
J71
Upgrade Water Supply at Lake Grace
for
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Option 3 - Management of Surface Runoff in Town Date Prepared: 29/7/05 Date Prepared: 22/12/05
Accuracy: -20+30%
Location Allowance: 130 Prepared by: Prepared by:
Item 
No Descriptions Quantity Unit Rate Total Quantity Unit Rate Total Comment
$ $ $ $
Upgrade drainage channel along Pingrup-Lake Grace Road for 1:10 year peak flow
1 Allow to access existing inlet area 1 Item 500$              500$                    0 Item 500$           -$            
2 Regrade existing drainage channel including forming 1:4 banks 400m long x 1m deep 2m bottomwith 1:4 sides
0.4 km 2,500 1,000$        
broad based grade bank constructed with a 
road grader - assuming 500mm deep and 
less than 8m channel width
Excavator 150 hours 120$              18,000$               0 hours 120$           -$            
Truck 150 hours 120$              18,000$               0 hours 120$           -$            
Spotter 150 hours 80$                12,000$               0 hours 80$             -$            
Total Cost 48,500$               Total Cost 1,000$        
Upgrade drainage channel along Boulton Street and Dewar Street for I:10 year peak flow
1 Allow to access existing  drainage channel 1 Item 500.00$         500$                    
2 Regrade existing drainage channel including forming 1:4 banks
1600m long x 1m deep 2m wide bottom with 1:4 sides
1.6 km 2,500 4,000$        
broad based grade bank constructed with a 
road grader - assuming 500mm deep and 
less than 8m channel width
Excavator 400 hours 120$              48,000$               0 hours 120$           -$            
Truck 800 hours 120$              96,000$               0 hours 120$           -$            
Spotter 400 hours 80$                32,000$               0 hours 80$             -$            
Total Cost 176,500$             Total Cost 4,000$        
Construct new culvert
1 Allow to access new sump site 1 Item 500$              500$                    0 Item 500$           -$                
2 Construct new sump
Excavate through road, remove/backfill 65 m3 100$              6,500$                 65 m3 100$           6,500$        
Blinding concrete 6.5 m3 1,200$           7,800$                 6.5 m3 1,200$        7,800$        
150mm reinforced concrete in base 9.75 m3 1,500$           14,625$               9.75 m3 1,500$        14,625$      
Head walls of reinforced concrete 3.6 m3 2,000$           7,200$                 3.6 m3 2,000$        7,200$        
PC box culvert sections 750 x 600 26 item 359$              9,334$                 26 item 359$           9,334$        
PC box culvert sections 900 x450 13 item 369$              4,797$                 13 item 369$           4,797$        
Relay road construction and two coat seal 143 m2 50$                7,150$                 143 m2 50$             7,150$        
Total Cost 57,906$               Total Cost 57,406$      
Total for Option 3
Upgrade drainage channel along Pingrup-Lake Grace Road for 1:10 year peak flow 48,500$               1,000$        
Upgrade drainage channel along Boulton Street and Dewar Street for I:10 year peak flow 176,500$             4,000$        
Construct new culvert 57,906$               57,406$      
Total 282,906$             Total 62,406$      
Location Allowance 30% 84,872$               0% -$                
Total 367,778$             Total 62,406$      
General Contractors prelims including Supervision, site 
accommodation, ablutions, cribs, site clean up, etc
20% 73,556$               0% -$                
Total 441,333$             Total 62,406$      
EPCM fees 10% 44,133$               0% -$                
Contingencies 10% 44,133$               0% -$                
Total Cost 529,600$             Total Cost 62,406$      
Exclusions/Assumptions
GST excluded
Inflation Excluded
Excavation assumed as in sand/clay. Rock excavation excluded
Assumed Competitive tender conditions
Environmental management excluded
DoA costs excluded
Assumed Dam Access reasonably dry
Assumed Power supply to Pump Stations adjacent - no allowance for incoming supplies
Project No: PEN405 Project No: PEN405
KBR with DAWAA.Boddam-Whetham
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Summary 
This report presents the results of economic analyses looking at the costs and benefits of various 
surface water management options in Lake Grace. The three options considered are those under the 
terms of reference as stated by KBR (2005)1. 
Option 1: Utilise the existing sports dam and sports dam catchment for irrigation within Lake Grace 
town.  
Option 2a: Capture storm water run-off from the town and farmland east of Kulin-Lake Grace Rd (east 
of townsite) via a sump then pump it into the existing dam for storage. 
Option 2b: Capture storm water run-off from the town and farmland east of Kulin-Lake Grace Rd (east 
of townsite) site via a sump then pump it to a new dam for storage. 
Option 3: Capture storm water run-off from two catchments, east of Kulin-Lake Grace Rd (east of 
townsite) and north of Stubbs Rd (north of townsite) into drainage channels by-passing the townsite to 
alleviate waterlogging/inundation problems in town. 
More specifically, the analyses outlined stem from a systems model designed to evaluate net benefits 
from water harvesting, treatment and water reuse. As the model is not an optimisation model, the 
optimal strategies are determined for different scenarios through a series of model runs. The model 
allows the user to simulate different water management options and to provide management strategies 
so as to determine the optimal management regime to implement.  
Results derived from the model are contingent upon the assumptions driving them and should be 
interpreted accordingly. Furthermore, the analyses are dependent on data provided in scientific reports 
completed within the Rural Towns - Liquid Assets project. 
Costs and benefits associated with the proposed water management options and the current use of 
the existing sports dam form the basis of the Cost Benefit Analysis. However, because there isn’t a 
market price for locally produced water, instead of documenting net benefits, the results are expressed 
in terms of the breakeven water price that would need to be achieved so that for a project, total costs 
are equivalent to total benefits. 
General base case assumptions that pertain to each of the options include surface water harvested in 
Lake Grace, and in its current state, would be fit for irrigation purposes only. It is also assumed that if 
necessary, scheme water will supplement the water available from the sports dam (dependant on the 
selected water management option as outlined below) and all 50.4ML that is assumed to be required 
annually (KBR 2005) will actually be used (despite e.g. the rainfall in any particular year). Based on 
Water Corporation (2005) data, the cost of scheme water provided by the Integrated Water Supply 
System to vacant non-residential land is assumed to be $1.20 per kilolitre. This cost benefit analysis 
has been done over a 20 year time period with a 7% discount rate. The discount rate is slightly higher 
than the current bank interest rate so that long term risk of an interest rate increase can be factored 
into the analysis. However, the rate is dropped to 4% in a sensitivity analysis to determine if the 
discount rate has a bearing on the overall outcome. In other sensitivity analyses the costs are varied 
up by 30% and down by 20% and the quantity of water produced by any of the options is increased 
and decreased by 10%. If the overall results do not change when these analyses are imposed then 
they can be considered to be robust. 
For water produced by the sports dam in its current state, it is assumed that operating and 
maintenance costs are the same as for Option 1 (based on DAWA/Shire rates) and that there is a 
capital contingency of $5,000 in year 1. In addition, for each option all pumps are replaced in year 11. 
For the current option, Option 1 and Option 2a the cost of the pump is equivalent to the price of the 
                                                     
1 Kellogg Brown and Root Pty Ltd (KBR) was appointed in 2005 to undertake engineering analysis of water 
management options for the Rural Towns Liquid Assets project and with reference to this report, for the town of 
Lake Grace. 
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pump for the new dam in Option 2b (based on DAWA/Shire rates or where applicable, KBR rates). 
Details of the complete schedule of costs are presented in KBR (2005). It is assumed that 95% of 
capital costs will be funded up front in the form of a grant and/or other such funding, while the 
remaining costs are annualised over the 20 year period. This report also complements scientific 
reports produced by others involved in the project and therefore will not duplicate contents found in 
these reports or that of KBR. In short though work done by Barron et al. (2005a,b) has been used to 
estimate the benefits of removing or at least reducing water from the ground and/or surface to 
infrastructure such as buildings and roads. 
Acknowledging the base case assumptions set for these analyses, use of the sports dam to produce 
water, as is currently done, costs less per kilolitre of product water than the assumed cost of scheme 
water. However, the costs were assumed and there may be a significant risk of supply not being 
achieved over the 20-year period. Furthermore, the total annual yield from this dam is less than the 
current requirement for Lake Grace of 50.4 ML per year. Hence, if annually, 19 ML of water was made 
available from the sports dam for the oval and park at $0.63/kL, and the remaining 31.4 ML of water 
required was purchased from the scheme at $1.20/kL, the average cost of water would increase to 
$0.98/kL. 
Alternatively, for the situation when DAWA/Shire rates were used in the analyses for Options 1 and 2a, 
the breakeven price of water was found to be $0.63/kL and $0.38/kL respectively (Table 5.1). With the 
inclusion of scheme water into this scenario so as to make up the shortfall in supply of 15.4ML for 
Option 1, the average price of water would increase to $0.80/kL. Excess water that is expected to be 
produced over and above the current estimated demand for Lake Grace for Option 2a, would be 
beneficial. However, if this excess water was not valued, and hence only 50.4 ML was of value, then 
the breakeven water price for this Option would increase to $0.52/kL. Moreover, if Option 2 was to be 
implemented, additional benefits of up to $22,060 per year could be realised, due to a reduction in risk 
of salinity and water damage to infrastructure such as buildings and roads. By including the total value 
of these benefits in the analysis, the breakeven price of water drops to $0.06/kL. 
Water produced for Option 1 using KBR commercial rates could be valued at $0.99/kL and the Option 
would breakeven. Making up the shortfall in supply (15.4ML) by including scheme water into this 
scenario the average price of water would increase to $1.06/kL. Water produced under the 
circumstances described for Option 2b (with DAWA/Shire rates) or Option 2a and 2b (KBR rates) 
would need to be valued above the estimated scheme water price for these options to breakeven. 
For all options, decreasing the discount rate to 4% from the base of 7% marginally changed the overall 
outcome of the results with the breakeven water price determined for Option 2a falling to below the 
scheme water price ($1.03/kL). The breakeven water prices for all other options were as for the base 
case analyses described above. 
In this study it is assumed in the base case analysis that all of the water produced in Options 1 and 2a 
results from the improvements made to the sports dam, and if these alterations were not done the 
existing dam in its current state would yield nothing. Alternatively, if the costs for Options 1 and 2a are 
linked specifically to the additional water produced over and above that currently generated by the 
dam in its existing state (19 ML), then the breakeven water price for each option would increase and 
become greater than the scheme water price for Option 1 despite using KBR rates ($2.16/kL) or 
DAWA/Shire rates ($1.37/kL). The water price would also be greater than the scheme water price for 
Option 2a (KBR rates) at $1.70/kL but when DAWA/Shire rates were incorporated into this option the 
breakeven water price only increased to $0.52/kL. 
Combining Option 3 with all other options would result in an increase in costs but also an increase in 
benefits in that damage to infrastructure arising from salinity and water inundation could be reduced. 
Assuming that 100% of the damage reduction benefits can be achieved, then the resulting costs are 
greater than the benefits if KBR rates are used in the analyses, and hence the overall outcome, in 
terms of an increased number of options becoming a better alternative to scheme water, did not 
improve. However, the opposite happened when DAWA/Shire rates for Option 3 were used instead. 
While total costs are included in the analyses, the breakeven water price can be divided into annual 
operating costs per kilolitre of water produced, and the combined capital and opportunity cost of 
investment per kilolitre of product water for each option. Note that commercial costs and the 
DAWA/Shire estimation for operating and maintenance were assumed to be the same. 
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Options 1, 2a and 3 (analysed using DAWA/Shire rates) should be considered as potential water 
management options for Lake Grace. Furthermore, if decision makers are interested in the work being 
conducted on a purely commercial basis then Options 1 and possibly 2a (using KBR rates) may be 
better alternatives than the purchase of scheme water. Option 2a (DAWA/Shire rates) shows the 
greatest returns of any of the options. This conclusion is strengthened if benefits arising from reduced 
infrastructure damage are included in the analysis, or if the additional water produced from 
implementation of this option provides an ‘insurance measure’ for exceptional years when there is 
drought, and/or excess irrigation water for viable use in industry, or for beautifying the town. 
Combining Option 3 (based on DAWA/Shire rates) with all options also increases net benefits and 
therefore would be a reasonable strategy for decision makers to contemplate more carefully. Based on 
the assumptions used in these analyses it is difficult to see ensuing net benefits from the construction 
of a new dam (Option 2b) unless in some instance the benefits derived from Option 3 can be realised. 
Though great care has been taken in data collection and model development, there are opportunities 
for changing parameters should alternative data become available and so reach new outcomes. Also, 
as the values included in this analysis are representative of a specific town in Western Australia, 
model parameters will need adjusting for other towns and for other regions. 
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Introduction 
 
The analyses presented are designed to provide information to decision makers who will be 
considering three options aimed at improving water management in Lake Grace. In addition the costs 
and benefits arising from the current use of the existing sports dam will be estimated so as to calculate 
net benefits of this activity and hence provide additional information to decision makers. 
More specifically, the analyses outlined in this paper stem from a systems model designed to evaluate 
net benefits from water harvesting, treatment and water reuse. As the model is not an optimisation 
model, the optimal strategies are determined for different scenarios through a series of model runs. 
The model allows the user to simulate different water management options and to provide 
management strategies so as to determine the optimal management regime to implement.  
Terms of reference  
Under the terms of reference for this project as stated by KBR (2005), the following options will be 
considered within an economic framework and detailed in this report. 
Option 1: Utilise the existing sports dam and sports dam catchment for irrigation within Lake 
Grace town.  
Option 2a: Capture storm water run-off from the town and farmland east of Kulin-Lake Grace 
Rd (east of townsite) via a sump then pump it into the existing dam for storage. 
Option 2b: Capture storm water run-off from the town and farmland east of Kulin-Lake Grace 
Rd (east of townsite) site via a sump then pump it to a new dam for storage. 
Option 3: Capture storm water run-off from two catchments, east of Kulin-Lake Grace Rd (east 
of townsite) and north of Stubbs Rd (north of townsite) into drainage channels by-
passing the townsite to alleviate waterlogging/inundation problems in town. 
Assumptions  
Results derived from the model are contingent upon the assumptions driving them and should be 
interpreted accordingly. The specific assumptions for each option are outlined in the proceeding 
sections. Furthermore, the analyses are dependent on data provided in scientific reports completed 
within the project.   
General assumptions that pertain to each of the options are discussed. It will be assumed that surface 
water harvested in Lake Grace and in its current state, would be fit for irrigation purposes only. The 
existing sports dam is capable of yielding 19 ML of water each year. Water yield is based on the 
rainfall record, 1994 to 2004, and hence is an estimate of likely yield in any one year. Varying the yield 
in sensitivity analyses will provide an indication of how changes in rainfall over the time of the 
analyses, could affect the overall outcome.  
The time period for all analyses is 20 years. Based on analyses completed by KBR (2005), it is 
expected that total requirement for irrigation water in Lake Grace is just over 50 ML per year. In this 
report it is assumed that scheme water is a direct substitute for water available from the dams and all 
50 ML will be used. The cost of scheme water provided by the Integrated Water Supply System is 
based on a country vacant land usage charge of 122.4 cents per kilolitre (Water Corporation 2005) 
and rounded to $1.20 per kilolitre for the purpose of this study. 
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This report 
This report complements scientific reports outlining the physical requirements associated with the 
specific water management plan for Lake Grace as well as the KBR2 report (see KBR 2005) detailing 
costs for various options for this plan. We present details regarding the general economic analyses in 
Section 2. An economic overview of current water use is presented in Section 3, and analyses 
focusing on Options 1, 2 and 3 are detailed in Sections 4, 5 and 6 respectively. The options are 
compared in Section 7 and the capacity of the work discussed in Section 8.  
Economic Analysis 
As the aim of this work is to compare the costs and benefits of each of the options as outlined in the 
terms of reference the economic framework will involve cost-benefit analyses. As alluded to in Robison 
and Barry (1996), long-term investments can be analysed by adding all present costs and benefits for 
each year of the project and using a discounting approach to calculate the net present value.  This 
methodology is used in its simplest form so will not include differing inflationary effects associated with 
inputs and/or outputs, revenue earned from interest on profit or tax implications.  
As it is assumed from the outset that at least one of the specified options will not necessarily be better 
than the status quo, the ‘do-nothing’ option will also be considered in this report. By running various 
simulations the net benefits for the various options under different conditions will be found. 
Costs 
Capital costs 
The current costs associated with each option are used as default values. However, to account for 
specific changes in costs that may occur in any one year, these costs can be independently increased 
or decreased for that year. Should this be necessary for any options, the actions taken will be reported 
in the relevant proceeding sections. It is further assumed that 95% of capital costs are incurred in year 
1 with the rest being annualised over the 20 years. Even so, in the spreadsheet model it is possible to 
vary this ratio depending on how these costs are likely to be financed. The combined opportunity cost 
of money and the cost of capital are also presented as an annual cost per kilolitre of product water. 
Total variable costs 
The total variable costs per year are found by summing all operational costs. These costs will also be 
presented as annual operating costs per kilolitre of product water. However, such figures should be 
used with caution as capital costs and benefits are also important when comparing the viability of any 
options. 
Indirect costs 
Costs, arising from the establishment of any of the options that impose upon an external party, can be 
referred to as indirect costs. Such costs may be derived from forms of pollution, or a change in water 
allocation. 
Benefits 
Revenue  
Revenue may be accrued directly from the sale of the water or other actions directly related to the 
resources produced. Even if the water is not literally sold and hence cash is not exchanged between 
                                                     
2 Kellogg Brown and Root Pty Ltd (KBR) was appointed in 2005 to undertake an engineering analysis of water 
management options for the Rural Towns - Liquid Assets project and with reference to this report, for Lake Grace. 
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two parties (primarily because the council may not buy the water from itself if it owns the infrastructure) 
in order to estimate the benefits of the water a ‘selling price’ is attached to the product water and it is 
referred to as being sold. Specific revenue will be described along with each of the three options. 
Reduction in damage to infrastructure 
By removing or at least reducing water from the ground and/or surface, the costs of maintaining 
infrastructure such as buildings and roads should decline. The benefit of this reduced damage is 
estimated using physical and economic data and is specific for each option. 
Evaluation of the salinity risk associated with infrastructure damage and subsequent damage costs are 
described in Barron et al. (2005a). The level of risk is estimated in accordance with the soil saturation 
level one meter below the surface and is based on the long term average groundwater level for the 
shallow observation bores. These bores only cover a portion of the town and therefore the extent of 
the salinity risk area considered in this study is confined by the extent of the observation bores. 
Barron et al. (2005a) calculated town infrastructure damage costs using the USEAP model3. This 
model is based on the simultaneous analysis of the salinity risk and infrastructure type within each 
land parcel, where surface types, area and structures have been identified. Land parcels are divided 
into six key groups in USEAP: residential housing, commercial/offices, ovals/playing fields, public open 
space sealed roads and unsealed roads. Each category has an assigned annual damage cost 
assuming a 100% impact.  This impact is then moderated based upon estimated degree of soil 
saturation so that damage falls as soil saturation falls. The average salinity risk of each land parcel is 
estimated, and using an algorithm adapted, damage can be calculated (Table 1). 
Table 1. Damage costs derived from USEAP for specific urban land parcels 
Land parcel Units Cost ($) 
Residential Building /household 563 
Commercial Building /1000 sqm 663 
Oval /hectare 1,900 
Open Space /hectare 685 
Sealed Road /1000 m 400 
Unsealed Road /1000 m 200 
It is important to note that these damage costs are an indication of actual costs, and that only a part of 
the gazetted townsite is considered.  Furthermore, it is assumed that the water level is at equilibrium. If 
the intention is to identify the impact of changes in management, then an assessment of those areas 
that may feasibly be impacted by that management need only to be considered.  It is also important to 
note that these costs represent the MAXIMUM cost reduction that could be achieved if management 
options were introduced that completely ameliorated the problem.  It is almost certainly the case that 
such total amelioration options will not be achieved and hence are not considered in the water 
management plans4.   
However, these damage costs provide a basis on which to estimate the overall infrastructure damage 
problem within the town. The salinity risk for Lake Grace is concentrated in the south eastern end of 
the townsite. Assuming a water management plan is not implemented, the estimated damage cost for 
each infrastructure type has been calculated by Barron et al. (2005b) as an annual damage cost 
(Table 2). As this annual damage cost is a maximum, sensitivity analyses will be completed using 
reduced levels of infrastructure damage costs. 
                                                     
3 For further details regarding USEAP and the associated methodology see RTMC (2001). 
4 For more information regarding this methodology see Barron et al. (2005a). 
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Table 2. Infrastructure damage costs estimated for Lake Grace 
Infrastructure type Annual cost ($) 
Industrial 2,584 
Parks & Recreation 552 
Public Purposes 414 
Railway 43 
Residential 14,889 
Special use 193 
Town centre 2,478 
Roads 907 
TOTAL 22,060 
Indirect revenue 
Indirect revenue may arise if benefits accrue to a third party and or the environment due to 
implementation of a water management plan. Flow-on effects from a water management option to the 
local community can be used as a proxy for general indirect benefits should they emerge. To calculate 
these benefits, input-output multipliers can be used. It is assumed that if any new businesses emerge 
as a result of a greater availability of water, for every $1 spent on wages, a fair amount, e.g. $0.25, will 
be spent locally. And for the wage earner, for every $1 earned, an amount, e.g. $0.25, will be spent 
locally. Without having completed further research using e.g. non-market valuation methodology 
addressing the environmental benefits that may arise from implementation of an option is difficult. 
Therefore in this report environmental benefits may be acknowledged but a value will not be assigned 
to them. 
Total benefits 
Total benefits are calculated by summing all benefits as outlined above. While it is assumed that 
benefits are constant over time, as with costs if a specific benefit accrues in any one year it is possible 
to alter the value of that benefit for that year. 
Simple net benefits  
To calculate the net benefits, for any one year, the total costs are subtracted from the total returns for 
that year. However, this calculation does not directly include inflation, interest or tax as the analyses is 
a social cost-benefit analysis as opposed to a private analysis. 
Accounting for risk 
There is uncertainty associated with supply of water due to unpredictable climatic variations as well as 
demand for water as it is contingent upon population growth and/or behaviour. While the discount rate 
could be altered to account for uncertainty, it assumes constant uncertainty over time, which may not 
be the case.  Instead, the impact of risk associated with relevant parameters in the model will be 
assessed by varying those parameters in a sensitivity analysis so as to determine the importance of 
these changes on the overall outcome.  
Time 
The model integrates economic (e.g. cost of water bought for irrigation or household use) and physical 
components (e.g. flow volumes and timing). For economic aspects, the time step is annual. For 
physical processes, input can be varied and so the length of time depends on management plans set 
in place. Nevertheless, the analyses are based on a 20 year time period. At the end it is assumed that 
all benefits derived from each option would have been realised. Furthermore, extending the time 
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period beyond 20 years results in benefits and costs after this time being significantly discounted and 
hence the impact of these values do not weight heavily on the overall outcome. 
Discount rate 
Discounting is necessary in CBA because people value things (such as money) more highly now than 
in the future.  $1,000 now could be put to another use e.g. invested and return $80 (at 8% p.a. 
interest). Also, there is the issuer of uncertainty. Faced with a choice of being given $1,000 now or 
$1,000 in a year, a person will likely take it now; to avoid any risk (whether small of large) that 
something might happen during that year for the money not to be delivered. 
To take account of this, therefore, costs and benefits for every year after year 1 are discounted to be 
equivalent to year 1, or present, values. So when costs are taken away from benefits, we get the net 
present value. It is convention that the discount rate should be equivalent to the real bank interest rate 
and so for the purpose of this analysis it will be set to 7% (a conservative value to acknowledge 
potential interest rate rises). However as the time period is relatively long, lower rates of 4% will be 
considered in sensitivity analyses to determine the effect on the overall outcome.  
Decision criteria 
In cost benefit analyses, decision criteria can be presented as the net present value (NPV), the 
internal rate of return (IRR), or as the benefit cost ratio. To calculate the NPV for the period of the 
project, the total costs are subtracted from the total returns for each year, summed and discounted. 
The option with the highest NPV will likely be the preferred option, although NPV is a tool and the final 
outcome rests with the decision maker. That is, the decision maker can choose an option with a lesser 
NPV if he or she feels it includes a benefit that wasn’t able to be included in the CBA (wasn’t able to 
have a dollar value placed on it. The IRR is calculated as the discount rate when the NPV is set to 
equal zero. A strategy would be preferred if the IRR is greater than the discount rate. The benefit cost 
ratio is simply the net benefits divided by the net costs and if greater than zero it indicates that benefits 
derived from the project are greater than the costs. 
In this project harvested water is not traded in the market price and hence price of this water is not 
available. Hence calculating the NPV is not a straight forward process. Therefore perhaps the most 
informative information for decision makers would be to determine the price of harvested water so as 
to ‘break even’. That is when the NPV is zero or the IRR is equivalent to the discount rate.  
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Current water use  
Currently the existing sports dam is providing 19 ML of water annually and used on the oval. As total 
requirement for irrigation water in Lake Grace is just over 50 ML per year (KBR 2005), the remaining 
water is provided by scheme water. The aim of this section is to present an analysis outlining the 
potential costs and benefits of providing water from the existing sports dam for irrigation purposes.  
Costs  
Capital costs  
It is assumed that there is an existing pump and for the purpose of this analysis a new supply pump 
will be replaced in year 11 at a cost of $27,230. This costing is in line with the expected cost of a pump 
for the new dam as estimated in DAWA/Shire rates5 for Option 2b and reported in KBR 
(2005).Contingencies amount to $5,000 in year 1. It is assumed that over the 20 year period no further 
capital costs are required. Opportunity cost of money and capital costs per kilolitre of product water 
amount to $0.09/kL. 
Annual operating costs  
Pump operating is assumed to cost $5,783 per year and repairs and maintenance total $4,480 giving 
a total annual operating cost of $10,263. Annual operating costs per kilolitre of product water equates 
to $0.54/kL. 
Benefits 
Water sales 
Benefits from water sales are calculated by multiplying the sale price by the quantity of water sold over 
a year. It is assumed that the price of water is not contingent upon demand and hence remains 
constant over the year. 
Other benefits 
It is assumed that no other benefits arise from the presence of this dam. 
Risk 
Life of the dam and water yield 
It is assumed that the sports dam will remain in a viable state for the 20 year period of this analysis 
and maintain a consistent yield of 19 ML/yr. As minimal allowances have been made for repairs and 
maintenance it is possible that the dam will yield less than the expected amount. Furthermore, it is 
assumed that rainfall will remain reasonably consistent so ensuring yield is reliable which may not be 
the case. Therefore sensitivity analyses will be completed with the yield at plus and minus 10% of the 
expected water yield. 
Water price and net benefits 
Given the assumptions outlined above, water must be sold by the ‘water enterprise’ for at least 
$0.63/kL for the project to break even given a discount rate of 7%. However, if 19ML of water was 
                                                     
5 Department of Agriculture, Western Australia and the Shire of Lake Grace provided supplementary costings as 
described in KBR (2005). 
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purchased annually for the oval and park at this price, and the remaining 31.4ML of water required 
was purchased from the scheme at $1.20/kL, the average cost of water would increase to $0.98/kL. 
Sensitivity analyses 
Discount rate 
Decreasing the discount rate to 4% results in the water price falling very slightly to $0.628/kL in order 
for the ‘water enterprise’ to break even.  
Yield of product water 
With a discount rate of 7%, increasing the volume of product water by 10% results in the break even 
water price falling to $0.57/kL. However, a decrease of 47.3% in water volume, so giving a total yield 
of 9.98ML annually, would result in a breakeven price of $1.20. 
Change in costs 
With a discount rate of 7%, decreasing all costs by 20%, as suggested by KBR (2005), would mean 
the price of water could decrease to $0.50/kL, for the dam enterprise to break even. Increasing costs 
by 30% results in the water price having to increase to $0.82/kL so as to break even. Costs could be 
increased by up to 90% and still the project would be viable if water was to be sold at $1.20/kL.  
Including Option 3 
Including the surface water management as suggested by KBR (2005) for Option 3 means that capital 
costs would increase by $529,600 for Option 3 (KBR data) and by $62,406 for Option 3 (DAWA/Shire 
data)6. Annual operating costs for each option would increase by $4,480. With a discount rate of 7%, 
water would have to be sold for $2.33/kL if Option 3 (KBR data) was included with the base case 
scenario defined for this option, and for $0.01/kL if Option 3 (DAWA/Shire data) was instead included 
with this option. 
Conclusions 
Under the assumptions outlined in this section, water provided by the existing sports dam could be 
sold well below the current scheme water price and still be a viable proposition. Furthermore, as this 
option generates net benefits, consideration of minor upgrades could be made to this dam over the 20 
year period and harvesting surface water would still work out to be a better proposition than buying 
scheme water. Decreasing water yield or increasing costs by a reasonable amount did not alter the 
outcome for these results. Water yield would have to be decreased by almost half before the price of 
harvested water would be equivalent to the scheme water price. Furthermore, when the price of 
scheme water was included in this analysis to make up the shortfall in supply, the average price of 
water was still below $1.00/kL. Including Option 3 (KBR data) with this scenario resulted in a 
breakeven water price well above the scheme water price. However, including the costs for Option 3 
(DAWA/Shire data) with the costs for this scenario resulted in a water price just above $0.00/kL. 
Nevertheless, care must be taken in considering these results as the costs used in this analysis are 
based on estimations. 
                                                     
6 See Section 6 below for full details of costs 
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Option 1  
The aim of Option 1 is to determine the net benefits of ensuring structural integrity and performance of 
supply from the existing sports dam. The benefits include delivery of 35 ML7 of water annually to the 
oval in Lake Grace. For this option it is assumed that if the capital expenditure was not spent on the 
sports dam then there could be no guarantee that 19 ML of water would be supplied each year. As 
surface water is not directed out of the town it is assumed that there aren’t any benefits from reduced 
damage to town infrastructure for Option 1 alone. Two scenarios are investigated. The first relies on 
data provided by KBR and the second by DAWA and the Shire of Lake Grace. 
Costs  
Capital costs  
Initial capital costs are presented in Table 3. In addition the pump will be replaced in year 11 at a 
current cost of $30,770 for Option 1 (KBR data) and $27,230 for Option 1 (DAWA/Shire data)8. It is 
assumed that over the 20 year period no further capital costs are required. Opportunity cost of money 
and capital costs per kilolitre of product water amount to $0.70/kL for Option 1 (KBR data) and 
$0.34/kL for Option 1 (DAWA/Shire data). 
Table 3. Initial capital costs required for the existing sports dam  
Description of capital cost Option 1 
(KBR data) 
Option 1 
(DAWA/Shire 
data) 
Increase size of town dam roaded catchment $109,800 $91,500 
Upgrade inlet structure for existing town dam $2,800 $500 
Upgrade outlet structure for existing town dam $4,283 $500 
Upgrade overflow structure for existing town 
dam  
$14,310 $2,960 
Allowances, fees and contingencies $114,400 $0 
Total $245,593 $95,460 
Source: KBR (2005) 
Annual operating costs  
Based on KBR (2005), pump operating is assumed to be $5,783 per year and repairs and 
maintenance total $4,480 annually giving a total annual operating cost of $10,263. Annual operating 
costs per kilolitre of product water equates to $0.29/kL. 
Benefits 
Water sales 
Benefits from water sales are calculated by multiplying the sale price by the quantity of water sold over 
a year. It is assumed that the price of water is not contingent upon demand and hence remains 
constant. 
                                                     
7 As estimated by KBR (2005) 
8 As estimated for Option 2b (see Section 5) 
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Other benefits 
It is assumed that no other benefits arise from the presence of this dam. 
Risk 
Water yield 
It is assumed that rainfall will remain reasonably consistent so ensuring yield is reliable which may not 
be the case. Therefore sensitivity analyses will be completed with the yield at plus and minus 10% of 
the expected water yield. 
Net benefits and water price  
Given the assumptions outlined above, water must be sold for at least $0.99/kL for Option 1 (KBR 
data) and $0.63 for Option 1 (DAWA/Shire data) to break even (given a discount rate of 7%).  
Sensitivity analyses 
Discount rate 
Decreasing the discount rate to 4% results in the water price falling to $0.86/kL for Option 1 (KBR 
data) and $0.58 for Option 1 (DAWA/Shire data) so as to break even  
Yield of product water 
With a discount rate of 7%, reducing the volume of product water by 10% would mean the price of 
water would have to increase to $1.11/kL for Option 1 (KBR data) and to $0.70 for Option 1 
(DAWA/Shire data)  to break even. A 10% increase in water volume (to 38.5 ML) would see the price 
for Option 1 (KBR data) fall to $0.90/kL and that for Option 1 (DAWA/Shire data) falling to $0.57/kL. 
Water production would have to decrease by just over 17% to give 29ML annually for Option 1 (KBR 
data) to be a better option than simply using scheme water. For Option 1 (DAWA/Shire data), the 
decrease would need to be just over 47%, thereby giving a total product of 18.4ML of water per year 
for this scenario to be considered as a better alternative to scheme water.  
A 54% reduction in water volume is approximately equivalent to assuming that the total costs have 
been attributed only to the ‘new’ water produced from these capital works (16 ML). Or in other words, 
none of the additional capital costs are required to produce the 19 ML of water that is currently 
available from the existing dam each year. If this is actually the case then for Option 1 (KBR data) the 
breakeven water price would be $2.16/kL and for Option 1 (DAWA/Shire data), $1.37/kL. 
In addition, with the inclusion of scheme water in this scenario so as to make up the shortfall in supply 
of 15.4 ML, the average price of water would have to increase to $1.06/kL for Option 1 (KBR data) and 
to $0.80/kL for Option 1 (DAWA/Shire data) for these options to still be viable propositions. 
Change in costs 
Given a discount rate of 7%, increasing costs by 30% would mean the price of water would have to 
increase to $1.29/kL for Option 1 (KBR data) and to $0.85 for Option 1 (DAWA/Shire data) before 
breaking break even. However, if costs were decreased by 20% then the price of water required to 
break even would decrease to $0.80/kL for Option 1 (KBR data) and to $0.49 for Option 1 
(DAWA/Shire data). To give a breakeven dollar value equivalent to that of scheme water, costs would 
have to increase by just over 20% for Option 1 (KBR data) and by around 74% for Option 1 
(DAWA/Shire data). 
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Including Option 3 
Including the surface water management as suggested by KBR (2005) for Option 3 means that capital 
costs would increase by $529,600 for Option 3 (KBR data) and by $62,406 for Option 3(DAWA/Shire 
data)9. Annual operating costs for each option would increase by $4,480. With a discount rate of 7%, 
water would have to be sold for $1.92/kL if Option 3 (KBR data) was included with Option 1 (KBR 
data) and for $0.66/kL if Option 3 (DAWA/Shire data) was instead included with this option. Likewise if 
Option 3 (KBR data) was included with Option 1 (DAWA/Shire data), water would have to be sold for 
$1.56/kL to make the proposition viable and for $0.30/kL if Option 3 (DAWA/Shire data) was included 
instead of 3 (KBR data). It is assumed that benefits from damage reduction are 100% for this scenario. 
Conclusions 
Given the assumptions outlined, water provided by the existing dam with additional roaded catchment 
could be sold below the current scheme water price of $1.20/kL for each option and still be viable 
propositions. Achieving a reasonable decrease in costs or increase in the water yield would not alter 
this conclusion for Option 1 (DAWA/Shire data). However, increasing the costs by perhaps a feasible 
amount could see purchasing scheme water being a sound alternative to Option 1 (KBR data). It must 
be noted that the analysis has been completed on delivering the total water yield and not just the 
additional yield over and above that produced currently. As a consequence, the prices found for the 
base case scenario may be underestimated. If the costs pertained to the ‘new water’ only, then for 
Option 1 (KBR data), the breakeven water price would need to increase by more than $1/kL over the 
base case and by around $0.75/kL for Option 1 (DAWA/Shire data). In both cases the price of product 
water would be greater than that for scheme water. In addition, when the price of scheme water was 
included in this analysis to make up the shortfall in supply, the average price of water was below 
$1.10/kL for both options. Including Option 3 (KBR data) with these scenarios resulted in a breakeven 
water price above the scheme water price. However, including the costs for Option 3 (DAWA/Shire 
data) with the costs for both options resulted in water prices well below $1.20/kL.  
                                                     
9 See below for full details of costs 
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Option 2  
Option 2 involves capturing surface water run-off from within the Lake Grace townsite and pumping it 
into the existing sports dam for storage (Option 2a) or pumping the water into a new dam for storage 
(Option 2b). The cost of upgrading the existing sports dam as described for Option 1 is also applicable 
for Option 2a. A new dam will be constructed as part of the plan for Option 2b and hence relevant 
costs associated with this dam will be included in this option. Costs associated with integrating a sump 
into the water management plan will be included in both options. Based on explanations produced in 
KBR (2005), Options 2a and 2b (KBR data) include cost estimates from KBR, while Options 2a and 2b 
(DAWA/Shire data) are based on costs provided by DAWA and the Shire of Lake Grace. 
It is anticipated that Option 2a will provide 69ML of water annually because surface run-off is pumped 
back into the existing sports dam and hence combines with the water captured from the roaded 
catchment. Option 2b is expected to yield 36ML of water per year derived from the surface run-off 
flowing into the new dam but as this dam does not have roaded catchment connected to it, yield will be 
15ML lower than that for Option 2a10. This water will provide direct benefits for the town as well as 
indirect benefits in terms of reduced damage to infrastructure. 
Costs 
Capital costs  
Initial capital costs for Options 2a and 2b are presented in Table 4.  
In addition, for both Options 2a and 2b, the two pumps will be replaced in year 11 at the same current 
cost as stipulated in Table 4. It is assumed that over the 20 year period no further capital costs are 
required. Opportunity cost of money and capital costs per kilolitre of product water amount to $1.08/kL 
for Option 2a (KBR data), $0.22/kL for Option 2a (DAWA/Shire data), $3.76/kL for Option 2b (KBR 
data) and $1.24/kL for Option 2b (DAWA/Shire data). 
                                                     
10 As a note, available water yield does not equal surface run-off, which is expected to be 17.8 ML per year, due 
to evaporation and leakage from the dams, and the requirement for the water to be at least 0.5 m deep so that the 
pumps work 
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Table 4. Initial capital costs required to facilitate Options 2a and 2b  
Description of capital cost Cost of 
Option 2a 
(KBR data) 
Cost of 
Option 2a 
(DAWA/Shire 
data) 
Cost of 
Option 2b 
(KBR 
data) 
Cost of 
Option 2b 
(DAWA/Shire 
data) 
Upgrade inlet structure for existing sports dam $3,200 $500 $0 $0 
Upgrade outlet structure for existing sports dam $4,283 $500 $0 $0 
Upgrade overflow structure for existing sports 
dam  
$14,310 $2,960 $0 $0 
Upgrade drainage channel Kulin-Lake Grace Rd $48,500 $1,000 $48,500 $1,000 
New culverts at CBH $57,906 $57,906 $57,906 $57,906 
New dam (with liner) $0 $0 $303,550 $269,458 
Reticulation line from new dam to oval $0 $0 $11,550 $7,690 
Pump from new dam to oval $0 $0 $30,770 $27,230 
New sump $220,980 $28,727 $227,980 $28,727 
Pump from new sump to existing sports/new 
dam 
$30,770 $26,980 $30,770 $27,230 
Pipe from new sump to existing pipe route/new 
dam 
$22,110 $12,874 $30,700 $27,130 
Allowances, fees and contingencies $356,699 $0 $664.617 $0 
Total $758,758 $131,447 $1,406,343 $446,371 
Source: KBR (2005) 
Annual operating costs  
Annual operating costs for Options 2a and 2b are detailed in Table 5. Annual operating costs per 
kilolitre of product water equates to $0.16/kL for Option 2a and $0.22 for Option 2b. 
Table 5. Annual operating costs for Options 2a and 2b  
Description of annual operating costs Cost of 
Option 2a 
Cost of 
Option 2b 
Operation of pump to oval $5,783 $2,892 
Operation of pumps from sump $1,102 $551 
Repairs and maintenance $4,480 $4,480 
Total $11,365 $7,923 
Source: KBR (2005) 
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Benefits 
Water sales 
Benefits from water sales are calculated by multiplying the sale price by the quantity of water sold over 
a year. It is assumed that the price of water is not contingent upon demand and hence remains 
constant over the year. 
Other benefits 
There may also be benefits from reduced damage to infrastructure within the townsite due to this 
water management option. Therefore so as not to miss any potential benefits, results incorporating 
benefits arising from reduced damage will be presented in the sensitivity analyses below. 
Risk 
Water yield 
It is assumed that rainfall will remain reasonably consistent so ensuring yield is reliable which may not 
be the case. Therefore sensitivity analyses will be completed with the yield at plus and minus 10% of 
the expected water yield. 
Net benefits and water price 
Given the assumptions outlined for Option 2a (KBR data), water must be sold for at least $1.24/kL for 
the project to break even with a discount rate or IRR at 7%. Likewise for Option 2a (DAWA/Shire data) 
water should be priced at $0.38/kL. Assuming Option 2b is considered independently of any other 
options and a discount rate of 7%, the price of water must be at least $3.98/kL for Option 2b (KBR 
data) and $1.46/kL for Option 2b (DAWA/Shire data). 
Sensitivity analyses 
Discount rate 
For Option 2a (KBR data), decreasing the discount rate to 4% would result in the water price falling to 
$1.03/kL so that the project breaks even and for Option 2a (DAWA/Shire data) to $0.34/kL. Likewise, 
the water price would fall to $3.22/kL for Option 2b (KBR data) and to $1.22/kL for Option 2b 
(DAWA/Shire data). 
Yield of product water 
With a discount rate of 7%, reducing the volume of product water by 10% would mean the price of 
water would have to increase to $1.38/kL for Option 2a (KBR data) and to $0.42/kL for Option 2a 
(DAWA/Shire data). For Option 2b (KBR data) if the same decrease in volume was incurred then the 
price would have to increase to $4.42/kL and for Option 2b (DAWA/Shire data), to $1.62/kL.  
A 10% increase in water volume to 75.9ML would result in the price of water falling to $1.13 for Option 
2a (KBR data) and to $0.35 for Option 2a (DAWA/Shire data). The same percentage increase for 
Option 2b to give a total water volume of 39.6ML would result in the price of water dropping to $3.62 
for Option 2b (KBR data) and to $1.32 for Option 2b (DAWA/Shire data). Increasing the water volume 
by just 3.5% to 71.4ML for Option 2a (KBR data) would result in a breakeven price equivalent to that of 
scheme water. However, for Option 2a (DAWA/Shire data), the volume could fall by just over 68% to 
21.8ML per year and still be a better option than purchasing scheme water. So as to sell water at 
$1.20/kL and ensure the option is viable, the increase in water volume required for Option 2b (KBR 
data) would be just under 232% (i.e. a total water volume of 119.4ML annually would have to be 
produced). For Option 2b (DAWA/Shire data), an increase of 21.5% or a total water volume of 43.7ML 
per year would be required for this scenario to be a better option than the purchase of scheme water. 
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Decreasing the volume of product water by 27% for Option 2a is approximately equivalent to assuming 
that the total costs have been attributed only to the ‘new’ water produced from these capital works. Or 
in other words, none of the additional capital costs are required to produce the 19ML of water that is 
currently available from the existing dam each year. If this is actually the case, then for Option 2a 
(KBR data), the breakeven water price would be $1.70/kL and for Option 2a (DAWA/Shire data), 
$0.52/kL. Incidentally, this same amount of product water equates to annual demand. Hence if the 
additional water could not be used effectively and therefore the value of it was $0.00/kL then the same 
breakeven prices would apply. 
With the inclusion of scheme water in the scenario for Option 2b so as to make up the shortfall in 
supply of 23.2ML, the average price of water would decrease to $2.89/kL for Option 2b (KBR data) 
and to $1.36/kL for Option 2b (DAWA/Shire data) for these options to still be viable propositions. 
Change in costs 
With a discount rate of 7%, increasing costs by 30% would mean the price of water would have to 
increase to $1.62/kL for Option 2a (KBR data), to $0.49/kL for Option 2a (DAWA/Shire data), to 
$5.18/kL for Option 2b (KBR data) and to $1.90/kL for Option 2b (DAWA/Shire data). With a 20% 
decrease in costs for Option 2a (KBR data), the breakeven price for water would drop to $0.99/kL, for 
Option 2a (DAWA/Shire data), to $0.30/kL, for Option 2b (KBR data), to $3.19 and for Option 2b 
(DAWA/Shire data), to $1.17kL. So as to breakeven at a water price of $1.20/kL, the cost of producing 
water in Option 2a (KBR data) would have to fall by just over 3%. Like wise the costs would have to 
increase by 216% for Option 2a (DAWA/Shire data) to breakeven at $1.20/kL. In the case of Option 2b 
(DAWA/Shire data), costs would have to fall by almost 70% and for Option 2b (DAWA/Shire data), by 
just under 18% so that water can be produced at a price equivalent to that of scheme water. 
Benefits from reduced damage to infrastructure 
As explained in Chapter 2, the maximum benefit from reducing damage to infrastructure amounts to 
$22,060 per year (assuming a discount rate of 7%). If this total value is included in Option 2a (KBR 
data) the water must be sold at $1.18/kL, a drop of $0.06/kL on the base price reported above. 
Assuming that the benefits amount to 72% of the damage costs the breakeven water price increases 
to $1.20/kL. As the breakeven water price for Option 2a (DAWA/Shire data) is well below the scheme 
water price of $1.20/kL, include benefits arising from damage reduction will not alter the overall 
outcome of the results of this scenario.  
With regard to Option 2b (KBR data), so as to break even, the price of water would have to sell at 
$3.87/kL when 100% of the damage costs were included as benefits. Even though this equates to 
$0.11 drop from the base case, the price of water is still well in excess of that for scheme water. A 
similar situation arises for Option 2b (DAWA/Shire data) with the price of water falling to $1.35/kL 
when 100% of the damage benefits are included. 
Including Option 3 
Including the surface water management as suggested by KBR (2005) for Option 3 means that capital 
costs would increase by $529,600 for Option 3 (KBR data) and by $62,406 for Option 3 (DAWA/Shire 
data)11. Annual operating costs for each option would increase by $4,480. With a discount rate of 7%, 
water would have to be sold for $1.71/kL if Option 3 (KBR data) was included with Option 2a (KBR 
data) but for only $0.85/kL if it was combined with Option 2a (DAWA/Shire data). Including Option 3 
(DAWA/Shire data) with Option 2a (KBR data) resulted in a breakeven water price of $1.07/kL and 
with Option 2a (DAWA/Shire data), a price of $0.21/kL. While the overall outcome was not changed for 
Option 2a (DAWA/Shire data), Option 2a (KBR data) became a better alternative to scheme water 
once it was in combination with Option 3. Combining Option 3 with Option 2b did not reduce the viable 
water price to below $1.20/kL except for Option 2b (DAWA/Shire data) together with Option 3 
(DAWA/Shire data) where the water price fell to $1.13/kL. However, Note it is assumed that benefits 
from damage reduction are set at 100% for this scenario. 
                                                     
11 See Section below for full details of costs 
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Conclusions 
Allowing for the assumptions outlined in this section, product water provided by the Option 2a 
(DAWA/Shire data) could be sold below the scheme water price of $1.20/kL and still be viable 
propositions. Option 2a (KBR data) could be a viable alternative with the inclusion of reasonable 
decreases in costs, increases in water production or recognition of benefits from reduced damage to 
town infrastructure. Options 2b (KBR data) and 2b (DAWA/Shire data) were essentially not considered 
viable alternatives when these options were considered independently of the other options. Changing 
the water yield, discount rate or costs by a reasonable amount did not affect the general outcome of 
any options except for Option 2a (KBR data). This was also the case when benefits from reduced 
damage to infrastructure were included, where appropriate, in the analyses. Furthermore, if the capital 
costs are linked specifically to the ‘new water’ produced in Options 2a then the breakeven water price 
would be greater than the price of scheme water for Option 2a (KBR data) but still less than this price 
for Option 2a (DAWA/Shire data).    
As Options 2a will provide water in excess of the current water requirements for Lake Grace, this extra 
water will be worth nothing unless it can be utilised. While Option 2a (DAWA/Shire data) would still be 
a viable alternative to scheme water, Option 2a (KBR data) would be an even worse alternative than 
the base case. It could be assumed that uses could be found for excess irrigation water for industry or 
for beautifying the town if it was viable to do so. Alternatively Option 2b will provide less than the 
required water for the town and therefore when the breakeven price of water for this option was 
combined with the scheme water price the average price fell but as expected to a level above that of 
scheme water. 
Including Option 3 (KBR data) with these scenarios did not alter the overall outcome for any of the 
scenarios except when Options 2a (KBR data) and 2b (DAWA/Shire data) were combined with Option 
3 (DAWA/Shire data). In both incidences the price of product water was reduced to a level below 
$1.20/kL. 
 K20
APPENDIX K: COST BENEFIT ANALYSIS 
Option 3  
The purpose of investigating Option 3 is to determine the net benefits that arise from installing 
drainage channels within the Lake Grace townsite and directing the water to the lake system west of 
the town. As the water is discarded there won’t be any benefits from selling the water. However, there 
should be benefits from reduced infrastructure damage. Based on explanations produced in KBR 
(2005), there are two scenarios for Option 3 with one set of cost estimates from KBR and another 
provided by DAWA and the Shire of Lake Grace. 
Costs  
Capital costs  
Initial capital costs are presented in Table 6. It is assumed that over the 20 year period no further 
capital costs are required. 
Table 6. Initial capital costs required to facilitate Option 3 
Description of capital cost Option 3 
(KBR data) 
Option 3 
(DAWA/Shire 
data) 
Upgrade drainage channel Kulin-Lake Grace Rd $48,500 $1,000 
New culverts at CBH $57,906 $57,406 
Install drainage channel Boulton St & Dewar St $176,500 $4,000 
Allowances, fees and contingencies $246,694 $0.00 
Total $529,600 $62,406 
Source: KBR (2005) 
Annual operating costs  
Based on KBR (2005), annual operating costs total $4,480 for both options and account for repairs 
and maintenance. 
Benefits 
Water sales 
As noted above there aren’t any water sales in this scenario. 
3.2.1 Other benefits 
It is expected that there will be benefits from reduced damage to infrastructure within the townsite due 
to this water management option. In the base case scenario it is assumed that 100% of the damage 
costs will be transferred into benefits. As these benefits have been calculated using a 7% discount 
rate, this rate will be used for all of the analyses presented below.  
Net benefits and water price 
With a discount rate of 7% and given the assumptions outlined above, the net present value for Option 
3 (KBR data) would be -$342,955 with a benefit cost ratio of 0.69, while for Option 3 (DAWA/Shire 
data), the net present value would be $123,903 with a benefit cost ration of 29% 
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Sensitivity analyses 
Increase in benefits from reduced damage 
For Option 3 (KBR data), benefits from reducing damage to infrastructure within the townsite would 
have to increase to $54,450 or by two and a half times the original estimation of $22,060. Alternatively 
for Option 3 (DAWA/Shire data), benefits would have to decrease by a little over half to $10,370 before 
the project produced negative returns.  
Decrease in costs 
Given the assumption mentioned in this section, costs would have to decrease by just over 223% 
(certeris paribus) for Option 3 (KBR data) to be a viable proposition. For Option 3 (DAWA/Shire data), 
if costs increased by around 80% this scenario would still be a viable option to consider. 
Conclusions 
As water is not generated for sale, this option is assessed purely on benefits arising from reduced 
damage to infrastructure. Unless benefits arising from reduced damage costs are increased 
significantly or capital and operating costs are reduced, Option 3 (KBR data) is not a viable alternative. 
However, Option 3 (DAWA/Shire data) should be considered as a viable water management option in 
Lake Grace as the benefits of this option out weight the costs despite more than reasonable changes 
in the parameters. 
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Comparison of Options 
In this section each of the options is summarised and ranked in order of highest net benefits. However, 
decision makers should understand the reasons for ranking them in such an order so that they can 
use these rankings effectively when making their decisions. 
Overview of the cases 
Acknowledging the assumptions stated, the current supply of water provided by the existing sports 
dam could be sold below the current scheme water price and still be a viable proposition. Even if costs 
were increased by almost 100% or the quantity of water reduced by around 47%, the breakeven price 
would be below the scheme water price of $1.20/kL. Averaging the price for total water required by the 
town to include this water and scheme water did not result in a price over $1.00/ML 
Option 1 deals with improving the reliability of the existing sports dam for irrigation within Lake Grace 
by increasing the dam catchment. Analyses showed that dam water could be sold below the current 
scheme water price of $1.20/kL for Option 1 to be a viable proposition. More than reasonable 
increases in costs or decreases in water yield are required to push the breakeven dam water price 
over the scheme water price. As the analysis has been completed on delivering the total water yield 
and not just the additional yield over and above that produced currently consideration should be given 
to the breakeven water prices when only the ‘new’ water is included as for both Options 1 (KBR data) 
and 1 (DAWA/Shire data), the breakeven water price is above the scheme water price. Otherwise, the 
prices found for the base case scenario may be underestimated. The average water price combining 
water produced via this option and scheme water is around $1.00/ML for both options 
In Option 2 the plan is to capture storm water run-off from the townsite via a sump then pump it into 
the existing sports dam for storage (Option 2a) or to the new dam for storage (Option 2b). Results 
from the analyses suggest that product water provided by Option 2a (DAWA/Shire data) could be sold 
below the scheme water price while that calculated for Option 2a (KBR data) is almost equivalent to 
that for scheme water. For Options 2b (KBR data) and 2b (DAWA/Shire data), dam water would have 
to be sold above the current scheme water price for it to be a viable proposition. The results are 
sensitive to water yield decreases and cost increases for Option 2a (KBR data). In addition, if benefits 
from damage reduction within the townsite are included, Option 2a (KBR data) and 2b (DAWA/Shire) 
become a better proposition than scheme water. The capital costs are linked specifically to the ‘new 
water’ produced in Option 2a then the breakeven water price is underestimated in the base analysis.  
As water is not generated for sale, Option 3 is assessed on benefits arising from reduced damage to 
infrastructure. Unless benefits derived from the diversion of surface water are significantly greater, or 
costs are substantially less, the costs do not outweigh the benefits for Option 3 (KBR data). However, 
given the benefits arising from reduced damage within Lake Grace, Option 3 (DAWA/Shire data) 
appears a reasonable option. The only scenario where the breakeven water price is below that of 
scheme water is when Option 3 (KBR data) is combined with Option 2a (DAWA/Shire data). However, 
when Option 3 (DAWA/Shire data) is combined with the current options plus Options 1 (KBR data), 1 
(DAWA/Shire data), 2a (KBR), 2a (DAWA/Shire) and 2b (DAWA/Shire), the resulting breakeven water 
price is below the scheme water price. 
Ranking of the options 
Based on the assumptions outlined, the ‘do-nothing’ option is ranked highly in the list of alternatives 
(Table 7). However, the costs were assumed and there may be a greater risk in supply being achieved 
over the 20 year period. Of the base case options considered that add improvements to the current 
water management plan, the lowest price that product water must be sold at so as to break even is for 
Option 2a (DAWA/Shire data). This option is the highest ranked alternative when assessing it from a 
total yield or marginal yield perspective (Table 7). Options 1 (KBR data) and 1 (DAWA/Shire data) 
could also be sold below the scheme water price of $1.20/kL and still be viable propositions. Although, 
when looking at marginal yield only, the outcome for both options does not appear to be a better 
proposition than purchasing scheme water. Options 2b(KBR data) and 2b (DAWA/Shire data) were 
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essentially not considered viable alternatives when these options were considered independently of 
the other options.  
Table 7. Ranking the Options in ascending order of water price required to break even 
Option Water Price 
$/kL (assumed 
costs to supply 
total yield)  
Option Water Price 
$/kL (assumed 
costs to supply 
marginal yield)  
Option Water Price 
$/kL (assumed 
combined with 
Option 3 
(DAWA/Shire 
data)  
Option 2a 
(DAWA/Shire 
data)   
0.38 Option 2a 
(DAWA/Shire 
data)   
0.52 Current   0.01 
Option 1 
(DAWA/Shire 
data) 
0.63 Current 0.63 Option 2a 
(DAWA/Shire 
data) 
0.21 
Current 0.63 Option 1 
(DAWA/Shire 
data) 
1.37 Option 1 
(DAWA/Shire 
data) 
0.30 
Option 1 
(KBR data) 
0.99 Option 2b 
(DAWA/Shire 
data) 
1.46 Option 1 
(KBR data) 
0.66 
Option 2a 
(KBR data) 
1.24 Option 2a 
(KBR data) 
1.70 Option 2a 
(KBR data) 
1.07 
Option 2b 
(DAWA/Shire 
data) 
1.46 Option 1 
(KBR data) 
2.16 Option 2b 
(DAWA/Shire 
data) 
1.13 
Option  2b 
(KBR data) 
3.98 Option  2b 
(KBR data) 
3.98 Option  2b 
(KBR data) 
3.66 
When Option 3 (KBR data) was included with any of the other options, only the combination with 
Option 2a (DAWA/Shire data) proved to be a viable alternative.  All options except for Option 2b (KBR 
data), produced breakeven water prices lower than the scheme water price when combined with 
Option 3 (DAWA/Shire data) (Table 7).  
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Capacity of this work 
Understanding the scope of this project is important for interpreting the results derived from the 
analyses. This work will not automatically calculate which strategy is ‘best’. The strategies have been 
evaluated using experimentation and ‘trial and error’. Furthermore, generally the analyses do not 
represent year-to-year variation in weather, potential yield or water output. However, general changes 
can be manually placed in the model. 
Even though great care has been taken in data collection and model development so as to create a 
robust model, there are always opportunities for changing parameters to reach alternative outcomes. 
Also, as the values included in this analysis are representative of a specific town in Western Australia, 
model parameters will need adjusting for other towns and for other regions. 
Contact details for information  
For information about this analysis contact:  
Jo Pluske 
School of Agricultural and resource Economics 
The University of Western Australia 
35Stirling Hwy 
Crawley WA 6009 
Phone (08) 6488 3427 
Email jpluske@are.uwa.edu.au 
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Hydrogeological Setting 
The town of Lake Grace is located in the Avon catchment, 347 km south-east of Perth (Figure 1). 
 
 
Figure 1. Location of Lake Grace in south-west Western Australia 
Catchment 
The catchment which contains the Lake Grace townsite covers 11,800 ha.  It extends approximately 
16 km to the south-east of Lake Grace North Lake and is around 6 km wide.  Lake Grace town is 
about 3 km from the point where the drainage line discharges into the lake.  Towards the catchment 
boundaries the landscape is undulating with slopes of up to 5 per cent.  These areas lead down to 
poorly-drained flat lake-land areas (Addison 2001). 
L3 
APPENDIX L: HYDROLOGICAL MODELLING 
At the top of the catchment granitic rocks are exposed.  Sand and lateritic soils overlie clay subsoil on 
most of the slopes of the catchment.  The flood-plain soil profiles are formed on sand dunes adjacent 
to lakes and alluvial silts, sands, gravels and clays in the lower-lying areas.  The catchment can be 
divided into two main landforms:  slopes and flood-plains.  The town is sited on a low, indistinct spur 
that is at the boundary between the two landforms. 
Town 
The hydrogeology of the town has been investigated through drill core logs and geophysics.  Addison 
(2001) found the regolith below Lake Grace to consist of saprolite, residuum, lake sediments and 
colluvium. Some of the drilled sites illustrated marked changes in regolith profiles over small distances 
(e.g. between sites 00LG08, 00LG09, 00LG10 and 00LG11, which were all within 30 m of the 
production bore, 00LGPB1). The saprolite and residual clays, sands and gravels were produced from 
granite and granite gneiss (bedrock was found at between 23 and 31 m depth in those holes which 
reached basement). On the north side of the town the residual clays were leached to white kaolin clay. 
Elsewhere in the town, most of the residual clay profiles were slightly limonitic and contained 
significant mica and variable amounts of residual quartz. 
De Broekert (pers. comm.) divided the regolith into three lithological layers.  These consist of tertiary 
sediments overlying saprolite clays which in turn overlie saprock. 
Soil 
The soil maps produced for agricultural regions are generally focussed on the upper few metres of the 
regolith.  This is the root zone of the major crop species and is thus the major interest to the 
agricultural practices.  In the absence of deep roots associated this is also the zone of 
evapotranspiration from the regolith.  
The soil map for Lake Grace is reproduced in Figure 2.  This shows that the dominant soil mapping 
unit through the town is 250Nw_1.  Schoknecht (2001) described the soil components as having slow 
and moderately slow permeability.  Thus it is expected that infiltration will be slow and accordingly 
considerable run-off will be generated.  The soil mapping unit to the east and upslope of the town 
contains soil types which have slow, moderately slow and moderately rapid permeability.  Therefore 
some run-off may be generated to the east of town.  These soil types are duplex indicating the 
possibility of perched watertables.  The soil group in the western part of town, including the playing 
fields, comprises soils which have moderately-slow, moderate and slow soil permeability, again 
indicating that run-off generation is likely to be large.  This soil is classified as loamy, with only a small 
fraction of duplex soils.  The soil types to the south and extreme west of the town are saline wet and 
salt lake soils with very slow soil permeability.  These are low lying areas with shallow watertables.  
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Figure 2. Distribution of soil groups in the vicinity of Lake Grace 
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Current Data 
Previous investigations of the town have left a legacy of boreholes drilled to investigate the 
groundwater levels and salinity underneath the town.  A large number of bores were installed as part 
of the Rural Towns Program in 2000 and these and other bores within the town have been monitored 
at quarterly intervals since installation.  Figure 3 shows the location of the monitored bores.  In the 
vicinity of the production bore (00LGPB1) located in the centre of town there are four sets of nested 
bores: 00LG09M and 00LG09D approximately 30 m west of 00LGPB1; 00LG08I, 00LG08M and 
00LG08D approximately 15 m west of the production bore; 00LG10I, 00LG10M and 00LG10D 
approximately 15 m north of the production bore; and 00LG11M and 00LG11D approximately 30 m 
north of the production bore.  The labels for some of these bores are not shown. 
The observations made at these bores are the piezometric head and water quality parameters.  The 
water quality parameters include electrical conductivity (EC), temperature and intermittently pH and 
chloride concentration.  In this section the observed values and extrapolated values arising from these 
observations are presented for the piezometric heads, EC, temperature, and where available, the pH. 
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Figure 3. Location of bores and cross-sections within Lake Grace 
Figures 4 and  5 show east-west cross-sections through the north and south of Lake Grace 
respectively.  These figures include the screened intervals of bores close to the cross-sections for 
reference and the average watertable along the cross-section.  The position of the lithological layers is 
calculated by extrapolating thicknesses of various layers from the lithology and subtracting from the 
ground surface or the base of the overlying layer.  The surface elevation is supplied by a digital 
elevation model (DEM).  The elevation of the screened intervals of the bores is calculated from depths 
below the surveyed ground elevation for the bore.  The surveyed elevation for a location may not be 
the same as the DEM elevation, which is averaged over a particular area and may be affected by 
structures (buildings, vegetation) above the ground surface.  Thus the position of the screened 
intervals within the lithological structure may not coincide with the lithological extrapolation even if the 
bores were located exactly along the cross-section. 
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Figure 4. East-west cross-section through the north of Lake Grace (6336590 mN) showing average 
watertable and screened intervals of nearby bores 
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Figure 5. East-west cross-section through the south of Lake Grace (6336170 mN) showing average 
watertable and screened intervals of nearby bores 
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Groundwater Piezometric Heads 
The depth to water and the piezometric heads measured in each bore for the period of record are 
shown in Figures 6 and 7 respectively.  The two highest records of piezometric heads are flat 
indicating the level at these bores is below the screened interval (LGINFOBS, 00LG16M).  There are 
some bores which show large changes over the initial set of readings before settling into a regular 
pattern (00LG03M, 00LG01D, 00LG02D, 00LG06D, 00LG10D).  This indicates that the bore has taken 
some time to recover from the drilling, implying low hydraulic conductivity in the vicinity.  Bore 
00LG03M has a low head initially which increases, whilst the other deep bores show an initial high 
head which decreases. 
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Figure 6. Time series of depth to water measurements in Lake Grace (July 2000-June 2004) 
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Figure 7. Time series of head measurements in Lake Grace (July 2000-June 2004) 
Each bore has been allocated to various lithological layers under the town and the head distribution 
within the town has been extrapolated from this data for the observation dates.  The layer associated 
with the bore is indicated by the suffix.  In the holes drilled in 2000, the suffix M indicates top (tertiary 
sediments) layer, the suffix I indicates the intermediate (saprolite) layer and the suffix D indicated the 
deep (saprock) layer.  For the bores drilled prior to 2000 (where the name is associated with the 
location e.g. LGSHIRE*) the suffix S indicates the tertiary sediment layer and the suffix D indicate the 
saprolite layer.  LGAGWEST and 00LGPB1 are associated with the saprolite layer.  The extrapolation 
procedure has been performed using the software SURFER (Version 7, Golden Software) for kriging 
onto a 20 x 20 m grid.  Only valid water levels are used for the kriging, with dry bores not included.  
Quarterly head distributions for 2003 are shown in Figure 8 for the tertiary sediment, whereas Figure 9 
and Figure 10 show the head distribution in June 2003 for the saprolite and saprock layers 
respectively.  These plots include the points used to generate the plots for each layer.   
In the tertiary sediment layer in Figure 8, the most noticeable feature is that there is a groundwater 
mound around bore 00LG14M, with lower groundwater heads observed to the east, south and west.  
In Figure 9 for the saprolite layer, the most distinct feature is the groundwater gradient indicating flow 
from east to west.  However there is some effect from the mounding under bore 00LG14M observed 
around bores 00LG14I and LGSHIRED.  There is also a decrease in the groundwater gradient from 
the east of town to the west of town.  In Figure 10 for the saprock layer it is noticeable that the 
observations occur in a small band through the centre of town, with the remainder of the area 
extrapolated from these measurements.  Therefore not much credence can be given to head values 
away from this band.  However bore 00LG02D has a lower head value than the more westerly bore 
00LG03D. 
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Figure 8. Quarterly head distribution in 2003 for tertiary sediment layer 
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Figure 9. Head distribution in September 2003 for saprolite layer 
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Figure 10. Head distribution in September 2003 for saprock layer 
Figure 11 shows the heads at all the observation times along the east-west cross-section through the 
north of the town for the tertiary sediment layer.  The majority of the times show a mound in the vicinity 
of 00LG14M.  However between 5/12/2000 and 5/12/2001, this mound does not exist.  Examining the 
record of 00LG14M in Figure 7 it can be seen that after the initially rising to a maximum in September 
2000, the heads decline until September 2001 when they rise slightly (0.33 m) to December 2001 
before rising 2.37 m before March 2002.  Other bores in the vicinity, including the deeper 00LG14I 
respond to the rainfall between June and September 2001 and show a decline in heads between 
December 2001 and March 2002.  After March 2002, the head changes are similar to observed 
changes in nearby bores.  This may indicate ongoing problems from the bore construction, but the 
response between July and September 2000 indicates that the aquifer made a reasonable recovery 
from the drilling.  Another explanation is that there was construction or dewatering operations in the 
vicinity of the site during this period.  The compatibility of the changes in observed heads after March 
2002 with other aquifers in the vicinity indicates that these observations are probably valid for further 
analysis.  Peter de Broekert (personal communication) has indicated that the discrepancy may be due 
to irrigation in this area as there seems to be reasonable connection between the shallow and deep 
layers at 00LG14 and town officers questioned did not recall any ponding of water in the vicinity.  De 
Broekert also indicated that the irrigation of gardens in the vicinity of the town hall around bore 
00LG12M may also have resulted in the abnormal variations in the observations compared with other 
bores. 
Figure 12 show the extrapolated heads in the tertiary sediments along a cross-section through the 
south of the town.  In the tertiary sediments, after the influence of the drilling has dissipated, there is a 
mound in the western half of town that exists predominantly in the latter half of the year (September 
and December).  This indicates a preferred location for rainfall recharge.  The observations at bore 
00LG04M show a much greater response to seasonal rainfall than other bores in the vicinity.  In 2000 
and 2001, the heads rise over 1.5 m during winter and in 2003 by over 1.0 m.  However in 2002, a low 
rainfall year, there is effectively no response at all while other bores show a small response.  This may 
indicate that the aquifer is responding to recharge from ponded surface water that only occurs after 
heavy rainfall.  It may also be that there is a small aquifer in the vicinity of 00LG02D as core logging 
shows about 4 m of weathered granite in the vicinity.   
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Figure 11. Extrapolated heads in tertiary sediments along east-west cross-section through the north of 
Lake Grace (6336590 mN) 
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Figure 12. Extrapolated heads in tertiary sediments along east-west cross-section through the south of 
Lake Grace (6336170 mN) 
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Groundwater EC 
Figure 13 shows the time series of EC observed in each of the monitored bores.  Again there are large 
initial increases in the observed values indicating some residual effect of the drilling.  After the 
observed values have settled, the highest observed EC occurs in the deep bores and the lowest in the 
shallow bores.  It is noticeable that some of the observed ECs close to the production bore, particularly 
in the saprock layer, have large differences between observations at the same time.  This may be a 
result of differing screen levels within the layer or relate to the heterogeneity of the EC distribution in 
the layer.  In the tertiary sediments, the lowest EC is consistently observed close to bore 00LG12M, 
with bores 00LG13M, 00LG06M and 00LG14M also showing low ECs.  The highest ECs in the tertiary 
sediments are observed around the production bore, bore 00LG02M and to the west of town around 
bore LGPKBAYS.  In the saprolite layer, the lowest EC is consistently observed in the east of town 
around bore 00LG16I, with the highest ECs observed close to the production bore, bore 00LG13I and 
in the west of town around bore LGSHIRED.  In the saprock layer, the lowest ECs are observed in the 
bores 00LG07D, 00LG06D and 00LG01D in the east of town, with the highest in the bore 00LG02D. 
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Figure 13. Time series of electrical conductivity (EC) measurements in Lake Grace (July 2000-June 
2004) 
Figure 14 shows the extrapolated EC distribution in the tertiary sediments along a west-east cross-
section through the north of the town.  There are two EC low minimum points along this cross-section: 
a perennial one associated with bore 00LG06M, and an intermittent one associated with bores 
00LG13M, LGAGWESTS and 00LG14M.  The differences in screen levels can have an influence on 
these results, as where net recharge is greater, the EC is likely to be smaller and as the observations 
are made at deeper levels there is greater likelihood of mixing as diffusion and dispersion processes 
will tend to smooth out the distribution.  However this smoothing takes time and the EC depends on 
the amount of salt in the water at the particular location.  This will depend on the amount dissolved by 
the water as it percolates through the unsaturated zone, or captured by the water as the water table 
rises before the saturated flow transports the salts within the aquifer. 
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Figure 14. Extrapolated EC in tertiary sediments along east-west cross-section through the north of 
Lake Grace (6336590 mN) 
Analysis/Interpretation 
The Lake Grace data show that the piezometric head gradient is generally downwards indicating that 
the waterlogging and associated salinity are caused by recharge within the town.  The overall 
watertable gradient is from the east to west; however there are groundwater mounds in the town 
indicating higher recharge areas.  These occur in the vicinity of the intersection of McMahon and 
Stubbs Streets and in the playing fields in the west of the town.  The mound internal to the town is 
thought to occur due to ponding stormwater recharging for longer periods than in the surrounding 
areas, whilst the playing fields mound is though to originate from excess watering. 
All piezometric head records show some seasonal variation indicating that there is some connection 
between the surface and the deep layers of the regolith under the town. 
Climate 
In Lake Grace the average monthly maximum temperatures range from 31.4°C in January to 15.3°C in 
July with average monthly minimums varying between 15.1°C in February and 5.6°C in July.  The 
town has a current average annual rainfall of 350 mm and an average evaporation of 1764 mm.  
These show a strong seasonal variation, with higher rainfall occurring during winter, consistent with a 
Mediterranean climate.  However there are occasionally thunderstorms and post-cyclonic rain-bearing 
depressions that may provide summer rainfall.  Figure 15 shows the annual rainfall at Lake Grace for 
the period 1900-2004 in the point-patched database (PPD) (Bureau of Meteorology) with 5, 10 and 20 
year moving averages.  Figure 16 shows the same information for the evaporation from the point-
patched database.  The evaporation data prior to 1970 is not interpolated within the PPD. 
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Figure 15. Annual rainfall at Lake Grace 
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Figure 16. Annual evaporation at Lake Grace 
1.1.1 Current climate change 
The climate of south-west Western Australia is changing.  Decreases in average annual rainfall have 
been observed in a number of locations.  The frequently observed reduction in annual rainfall since the 
1970s has not been observed at Lake Grace (Figure 15), but reduction from the late 1990s is evident. 
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The observed decrease in the annual average rainfall in south-west Western Australia has not affected 
the annual occurrence of high intensity rainfall (measured on a daily basis) prior to 1990.  Instead the 
reduction of high intensity rainfall during the winter (Yu and Neil 1993; Li et al. 2005) has been 
balanced by an increase in high intensity rainfall during spring and summer (Yu and Neil 1993).  
Suppiah and Hennessy (1998) found that though the overall trend in most of the southwest of Australia 
was for increasing amount and intensity in the summer months, there were some locations where the 
opposite was true.  Timbal (2004) analysed the rainfall records for the period 1958-1998 for winter and 
spring rainfall at a number of sites in southwest Western Australia.  He found that at Dumbleyung 
there was a decline in rainfall of about 0.29 mm/year in winter and an increase of 0.21 mm/year during 
spring.  
The greenhouse effect is not though to be a major driver for the currently observed climate change in 
the south-west of Western Australia.  Instead there are conflicting hypotheses as to whether large-
scale clearing has disturbed the hydrological cycle and thus induced the climate change (Pitman et al. 
2004), or that changes to the mean sea level pressure (MSLP) and sea-surface temperature (SST) in 
the Indian Ocean (Smith et al. 2000).  The implications of the two hypotheses are that if it is clearing 
induced, then the likelihood of the climate returning to its previous regime is small as it will depend on 
reforestation or some other process to restore the previous hydrological regime.  Alternatively if it is a 
circulation induced change, then a restoration of the previous circulation may mean a return to the 
previous wetter clime.  As the precise drivers for the circulation change are not known no probability 
may be attached to the possibility of change. 
1.1.2 Predicted climate change 
In addition to this pre-existing climate change, there will also be changes due to the greenhouse effect.  
These changes will be superimposed on the existing changes.  Timbal (2004) used a number of 
climate models and found predictions of further rainfall decline of 11-26% for winter rainfall at 
Dumbleyung and 15-23% for spring rainfall at Dumbleyung.  Rainfall events in the southwest are also 
predicted to fall by between 3 and 19% in winter and between 6 and 26% in spring.  He also predicted 
a reduction in the number of events with magnitude greater than 20 mm.  Charles (pers. comm..) 
found that current changes in climate for southwest Western Australia are small with rainfall changes 
of between -2.6% and +1.3% and temperature changes between +0.13 and +0.16 °C.  By 2030, with 
no policy of reduction in greenhouse gases, the predictions include: a decrease in winter rainfall is 
between 2 and 20%; possible increases or decreases in summer rainfall; temperature rises of between 
0.5 and 2 C in winter and 0.5 and 2.1 C in summer; and potential evaporation increases of 10%.  By 
2070 the predictions include: a decrease in winter rainfall is between 5 and 60%; again possible 
increases or decreases in summer rainfall; temperature rises of between 1.0 and 5.5 C in winter and 
1.0 and 6.5 C in summer; and potential evaporation increases of 30%.  If policy changes are 
implemented to reduce greenhouse gas emissions, the changes are likely to be less. 
Recharge 
1.1.3 Recharge in rural areas 
Recharge to rural areas has been divided into three types (de Vries and Simmers, 2002): direct 
recharge via vertical infiltration; indirect recharge via surface accumulations of water; and localised 
recharge, an intermediary between the first two types that arises from unchannelled surface flows. 
Recharge is a function of climate, soil type, land use or vegetation type and topography.  Climate can 
be categorised into a number of zones for the southwest of Western Australia:  a humid zone along 
the southwest coast; an arid zone in the interior of Western Australia; and an intermediate semi-arid 
zone that encompasses the majority of the wheatbelt.  Scanlon et al. (2002) stated the characteristics 
of humid zones are usually shallow watertables and gaining streams, where groundwater is 
discharged via baseflow to streams and evapotranspiration, whereas the characteristics of arid regions 
are deep watertables and losing streams.  The wheatbelt of Western Australia comprised, prior to 
clearing, deep watertables; but since clearing the watertables have risen near to the surface in places.  
Typically in arid and semi-arid areas the majority of recharge is via indirect recharge.  However in the 
Western Australian wheatbelt, the removal of deep-rooted vegetation, which intercepted the majority of 
the infiltration, and replacement with shallow-rooted annual crops, has changed the balance of the 
system.  Now more recharge reaches the watertable than prior to clearing (Asseng et al. 2001).  This 
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additional recharge is not the sole cause of the rising watertables in the wheatbelt of Western 
Australia; it is the additional recharge in excess of the export capacity of the catchments that causes 
the rise in watertable.  This rise will continue to occur until equilibrium is reached such that the export 
processes such as catchment discharge and evapotranspiration balance the recharge.  The reason for 
the low export capacity of the catchments in the wheatbelt is the low gradients and hydraulic 
conductivity (Clarke et al. 2002) 
The lithology and soil type can have an important influence on the recharge.  In the wheatbelt the 
duplex nature of the soils means that infiltration may occur rapidly into the shallow A level horizon of 
the soil profile to form a perched watertable over the clayey B horizon.  This store may rapidly fill 
leading to overland flow, as well as subsurface flow to a discharge area.  Typically such systems occur 
above the change of slope in the wheatbelt.   
Lewis (1998) and Lewis and Walker (2002) investigated the effects of episodic recharge events within 
the wheatbelt on the overall recharge under shallow annual and perennial crops.  It was found that the 
percentage of episodic recharge was greatest in the areas close to the arid zone; however the largest 
recharge amount due to episodic rainfall was in the region close to the humid areas.   
1.1.4 Recharge in urban areas 
Urban recharge is more complicated than recharge in rural areas.  There are large impervious areas 
such as buildings and roads, infrastructure such as pipe networks and roads that transport water 
around the area and irrigated garden areas.  Lerner (2002) found that in almost all environments the 
urbanisation of an area increases the recharge. 
An additional source of recharge is from urban water infrastructure.  Howard (2002) estimated that a 
minimum of 10%, in a modern network, to 70%, in an extreme case, of water into a water-supply pipe 
network is lost somewhere in the system.  Although similar figures are not available for the waste-
water network, it is assumed that similar percentage losses occur.  If an area is not sewered but 
instead relies on septic systems, then the localised recharge may be large and be a source of potential 
contamination.  Such recharge under a semi-arid urban area may provide a considerable amount of 
the total recharge.  An additional source of localised recharge is leakage from water storages such as 
swimming pools and dams. 
Another potential source of recharge is stormwater, particularly from impervious surfaces.  In some 
places the stormwater readily infiltrates the surface and can be used to recharge the aquifer (e.g. 
Perth).  In other places a network of pipes or channels may be provided that transports the stormwater 
out of the town. 
The last major source of urban recharge is irrigation of gardens, playing fields and similar open 
spaces.  Colwill and Row (2004) provide guidelines for watering regimes for different groups of plants; 
however these guidelines have only been recently introduced and may not be followed in all areas.  
3 Modelling 
Modelling of different parts of the water cycle in the rural towns is used for a number of purposes.  
These include the investigation of various options for managing the watertable level and the salinity 
impacts on the town infrastructure, including an economic assessment of whether such intervention is 
justified. 
3.1 Unsaturated Zone 
The modelling of the unsaturated zone is used for two purposes: calculation of net recharge to the 
saturated groundwater model; and calculation of the saturation level in the unsaturated zone for use in 
the system model. 
3.1.1 Construction 
The model WAVES (Zhang and Dawes 1998) is used to simulate the water and salt movement in the 
unsaturated zone.  The model is based on one-dimensional vertical movement of water and salt 
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through a soil profile under vegetation.  The soil profile is derived from the core logs.  For Lake Grace, 
three representative soil profiles are used based on bores 00LG02D, 00LG05I and 00LG06D.  The 
three profiles are shown in Table 1.  The soil profile is assigned to the various categories of soil type to 
using the hydrological properties as provided in Table A2.2 of Dawes et al. (1998).  The vegetation 
parameters used are provided in Appendix 1 of Dawes et al. (in the absence of alternative data) for 
winter annual pasture and eucalypts.  WAVES allows the use of two vegetation layers, but the 
eucalypt simulations use only the eucalypt over-storey. 
Table 1. Soil profiles of chosen bores 
00LG02D 00LG05I 00LG6D 
Depth Soil Depth Soil Depth Soil 
0-6 Silt Clay 0-2 Sand 0-3 Silt Clay 
6-12 Sand 2-9 Silt Clay 3-7 Sand 
12-13 Silt Clay 9-12 Sand 7-30 Clay 
13-21 Sand     
21-23 Silt Clay     
23-33 Clay     
33-37 Sandy Clay     
The eucalypt simulations are run for a period of 105 years using repeated hundred year sequence 
(1900-1999) of rainfall from the point-patched data set (Bureau of Meteorology) for Lake Grace.  The 
boundary condition at the bottom of the profile means that the profile is free-draining.  The initial 
conditions used are a salt free profile with water pressure at -10 m and a root density of 1 m3 m-1.  The 
resulting water content and salt content profiles are shown in Figure 17 and Figure 18 respectively.  
The simulation for the high eucalypts in soil profile derived from bore 00LG02D did not converge and 
the results are not presented. 
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Figure 17. Water content profiles for three bores under three types of eucalypts 
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Figure 18. Salt content profiles for three bores under three types of eucalypts 
The final conditions from the eucalypt simulations are used as initial salinity profiles for the pasture 
simulations.  Two simulations are run for each pasture type for a total of 100 years (climate data 1900-
1999).  The first simulation retains the existing free-draining boundary condition and calculates the 
increased recharge under pasture.  The second simulation specifies the head at the base of the profile 
at a depth of 37 m at the start of the simulation, and rising at a rate of 0.35 m/day.  Thus after 100 
years, the head will be 2.0 m below the ground surface.  However the watertable is assumed to be at 
the base of the profile if the specified watertable is deeper than the base of the watertable.  Figure 19 
and Figure 20 show the water content and salt content respectively for medium winter pasture 100 
years after clearing of medium eucalyptus.  Figure 21 shows the drainage from the base of the profile 
for these simulations.  Negative values of drainage indicate uptake of regional groundwater into the 
profile.  The specified watertable level simulations show a considerable variation in the drainage, 
however in the field these are likely to result in changes to the watertable level with only small changes 
in the drainage quantities.  The small differences between the drainage rates for bore 00LG05I for the 
first 71 years are due to the shallow profile.  After the 71 years the specified watertable elevation 
reaches the bottom of the bore profile.  This effect can also be observed for the first 20 years of bore 
00LG06D. 
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Figure 19. Water content profiles under medium winter pasture after 100 years of clearing 
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Figure 20. Salt concentration profiles under medium winter pasture after 100 years of clearing 
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Figure 21. Drainage from the bottom of the profile for medium winter pasture 
3.2 Groundwater 
Previously a groundwater model was constructed for Lake Grace after the drilling program in the year 
2000 (Addison 2001).  This model was based on data from the first set of bore readings, which as 
shown in Figure 7, contained some anomalous readings.  Therefore a new model was constructed for 
the town. 
3.2.1 Construction 
The new model comprises three layers as interpreted from the cores.  The three layers consist of a 
surface layer of tertiary sediments, overlying a layer of saprolite clays that in turn overlies a layer of 
saprock.  These layers were constructed using the elevations from the Digital Elevation Model (DEM) 
and then subtracting the thickness of each layer. 
The flow through the town is thought to occur from the east to the west and boundary conditions on 
the eastern and western boundaries are based on the observed heads fluctuations.  Average recharge 
to the system is calculated from WAVES simulations.  WAVES was selected to calculate the recharge 
in the urban areas even though it is applicable to vegetation is that it provides a dynamic mechanism 
to calculate both recharge and evapotranspiration from natural causes.  All built up areas within town 
sites are a patchwork of different land uses with some areas having little or no trees, whilst others 
having a large number of trees interspersed with the buildings.  Additional recharge of 1 mm for 
anthropogenic factors was added to simulate the loss from pipes and irrigation of playing fields.  This 
1% was calculated as 10% of the annual supply of around 130 ML (Water Corporation, personal 
communication) for a town area of 130 ha.  The recharge for various areas of the groundwater model 
is presented in Table 2.  The annual evapotranspiration from the water table is 60 mm/yr at the 
surface, reducing to nothing at a depth of 1.5 m. 
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Table 2. Annual recharge for various areas in groundwater model 
Area Recharge rate [mm/year] 
Urban 15 
Playing fields and parks 20 
Cleared rural 15 
The hydrogeological parameters are estimated from the lithology, bore logs, the literature (Peck 1980; 
George 1992; Salama et al. 1993; Clarke et al. 2000), and the pump test results from the year 2000 
(Addison, 2001).  The initial conditions for the flow simulations are based on the extrapolated head 
distribution in December 2000.  The initial conditions for the transport simulations are based on the 
extrapolated EC distribution at the same time. 
3.2.2 Calibration 
The model is calibrated against the observed heads from 2001 onwards.  The parameters used for the 
calibration are the hydraulic conductivities in the three layers and the anthropogenic recharge under 
the town.  Calibration by varying the recharge and hydraulic conductivity results in finding the ratio 
between the two, without specific values for either.  Due to the short time span of the observed data 
set no verification of the calibrated model was performed. 
3.2.3 Predictive Scenarios 
The scenarios for Lake Grace are aimed at reducing the groundwater recharge to the ground within 
the town area.  The simulations run for 20 years.  The base scenario for all this work is ‘do-nothing’ to 
examine what happens without any intervention.  The depths to water after 20 years of this base 
simulation are shown in Figure 22.  Additional scenarios include the reduction in recharge under the 
town to 90%, 75%, 50% and 0% of the base case value.  These results are presented in Figure 23 as 
comparisons effects on the watertable elevation through the town.  As the boundary conditions at the 
eastern and western sides of the simulated domain do not change, there is very little variation in these 
locations. 
 
Figure 22. Depth to water after 20 years of ‘do-nothing’ scenario 
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Figure 23. Increases in depth to water for reduction in town recharge at 3 bores 
4 Conclusions 
The hydrogeological investigation of the town of Lake Grace found that the vertical groundwater 
gradient through the town was in a downward direction, indicating that the recharge within the town 
and in its immediate surroundings were creating the high watertables and associated problems with 
salinity.  It is therefore recommended that surface water controls be implemented in order to reduce 
the recharge within the town.  The modelling showed that with recharge reduction within the town, 
decreases in the watertable of up to 40 cm can be achieved. 
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Summary 
In many intensive beef production enterprises water is not considered limiting and commands a price 
that is too insignificant to be included in any decision-based models. However, water allocation will 
have greater importance in future decision making associated with intensive animal production 
enterprises as it becomes increasingly scarce in many regions around the world. Furthermore, there is 
increasing potential to treat water. The decision as to whether this should be done will depend on the 
net benefits of the water treatment process in question with part of these benefits being realized by the 
end-user of this water. 
This report is designed to provide readers with a complete overview of how the H2OBeef computer 
model works. Detailed descriptions of biological and economic relationships are presented throughout 
the Sections.  
H2OBeef is a tool designed to help decision makers evaluate long-term options associated with water 
management in beef feedlots. It is also an integral part of a larger systems model that has been 
developed to evaluate the net benefits of abstracting, treating and reusing saline ground water from 
under Western Australian rural towns. As the model is a simulation model several management 
strategies are considered and run through the model. Based on the output generated, the decision 
maker can decide on the optimal management regime to implement.  
A single feedlot is represented in H2OBeef. The user can specify the number of cattle, entering the 
feedlot, diet and water type, quality and quantity. An alternative water type other than desalinated 
water is also included in the model so that if desalinated water is not produced in sufficient quantities 
the feedlot will still be able to function. 
H2OBeef is relevant for any town providing the relevant model parameters are altered to reflect the 
characteristics of a particular town. While the model does not represent year-to-year variation in 
weather or advances in technology associated with beef production, changes in costs and/or benefits 
connected with these factors can be manually entered into the model.  
The biological equations in the H2OBeef are ultimately used to determine the water demand for the 
feedlot, including water intake and water used for dust control. Feed intake is a main driver of water 
intake and is modified by salt content of the ration and the environmental impact of temperature and 
rainfall to maintain animal production. In this model the feed is assumed to be a dry ration and as there 
is no access to pastures, water intake is an important component of production. Water consumption is 
calculated on a monthly basis in the model and hence maximum temperatures are used in the water 
intake calculations. 
Net economic benefits for a desired project over a 10 or 20-year period are produced in H2OBeef. 
However, it must be noted that the results are contingent upon the assumptions driving them and 
should be interpreted accordingly. To provide information to help with this interpretation, an outline for 
conducting a sensitivity analysis is provided in Section 8.  
While extensive detail regarding composition of the feedlot, feed intake and weight gain, waste 
management, water demand and balance and the economic analyses are all presented in this report, 
H2OBeef does have some limitations. Understanding these shortcomings is important and hence they 
are described in the final section. Furthermore the authors welcome any constructive feedback on any 
aspects of H2OBeef. 
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1 Introduction 
Water is not often a limiting factor in intensive beef production enterprises and usually is priced so low 
that the cost of water is not considered in decision based models. However, water use and cost is 
likely to have a greater importance in future decision making associated with intensive animal 
production enterprises due to it becoming increasingly scarce in many regions around the world. One 
consequence of this scarcity will be the increased amount of treated water made available. However, 
the amount of treated water that will be produced will depend on the benefits returned by the 
consumers of the water. 
H2OBeef is a decision support tool that is designed to provide information and insight to users in helping 
them make long-term decisions about water management in beef feedlots. More specifically, it is an integral 
part of a larger systems model designed to evaluate saline water that has been abstracted from under 
Western Australian rural towns, treated and reused.  
As the model is not an optimisation model, the optimal strategies are determined for different scenarios 
through a series of runs. H2OBeef allows the user to simulate different management options including those 
associated with water. The user considers management strategies and, using the model, decides on the 
optimal management regime to implement. Economic and biological components are integrated into the 
model with the time step for economic aspects being annual. For biological processes cattle input can be 
varied, so the length of time cattle are in the system depends on management plans that are selected by the 
user. It is possible to generate results from H2OBeef for either a 10 or 20 year time period. The model is 
implemented in a spreadsheet program, Microsoft Excel®.  
H2OBeef represents a single feedlot. The user can specify number of cattle, Bos indicus and/or Bos taurus, 
entering the feedlot, diet and water type, quality and quantity. If desalinated water is in short supply and does 
not meet the feedlot requirement, the model specifies the amount of alternative water that would be required 
so that the feedlot is still able to function. This also means that H2OBeef can easily be used for decision 
making other than that associated with desalinated water.  
The applicability of H2OBeef is not limited to a specific town as parameters within the model can be altered 
to reflect the town that it is used in. Default values pertain to Wagin, WA (Latitude:-33.3075 S, Longitude: 
117.3403 E). Although it is recognised that climatic conditions, in particular temperature and rainfall, 
influence output as do changes in technology, H2OBeef does not represent year-to-year variation in weather 
or advances in technology associated with beef production. However, there is scope in the model to 
manually account for these changes.   
The key factors that drive water intake in cattle over time include feed intake, temperature, rainfall and salt 
content of the feed. In this model the feed is assumed to be a dry ration with no access to pastures and 
hence such an operation requires extra water to account for the lack of water in the feed ration. The 
equations in H2OBeef are predominately used to determine the animal water demand for the feedlot, 
including water intake and water used for dust control and relief from heat stress.  
For the purpose of this model, the year is broken into a number of lots (i.e. the period of time the cattle are in 
the feedlot from day of entry to day of exit). Each lot is of equal duration with equal time in between lots. This 
option can be changed depending on the starting and finishing live weights that are required to meet market 
specifications. Live weight changes are determined by feed intake and the energy density of the ration with 
the final live weight being determined from the surplus energy available for growth and the planned duration 
of the growth phase.  
Solid excreta are estimated as the non-digestible dry matter component of the ration.  The concentrations of 
nitrogen in the faeces are estimated from protein not digested and all urinary nitrogen is assumed to be lost 
to the atmosphere as ammonia. Faecal and urine phosphorus is calculated using nominal apparent 
digestibility and live weight. Total sodium and potassium excretions are calculated using nominal values from 
the literature. All values are estimated on a daily basis per head and then converted to annual production 
rates. 
H2OBeef does not include detailed simulation of cattle growth, water intake or total excretion as the 
parameters used represent these biological functions in relatively simple ways and is a summation of the 
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feedlot periods defined in the model. The water consumption models produce monthly intakes and in the 
model in the present format do not estimate daily water intakes. This limitation should be borne in mind for 
periods of extremely high temperatures that can occur in summer. If there is a requirement to estimate likely 
peak demands then the monthly temperatures could be set to the estimated extreme temperatures to 
estimate likely water requirements for the period of interest 
The main outputs that can be obtained from H2OBeef are the effect of feed composition on growth rate and 
water intake, the effect of climate on water intake and the effect these parameters together with alternative 
costs and benefits have on the net return for the project over a 10 or 20-year period. In addition, other 
biological and economic aspects are provided in the various sheets as outlined in the following Sections. 
Results derived from a model such as H2OBeef are contingent upon the assumptions driving them and 
should be interpreted accordingly. The principal assumptions have been presented in this Section with minor 
assumptions described in relevant proceeding sections. Please note that as it is possible to input different 
values for the parameters pertaining to a specific breed of cattle, any parameters with a subscript, BT refers 
specifically to Bos taurus and likewise BI refers to Bos indicus. Where the equations are the same for each 
cattle type, either a generic equation is presented (in which case there is no subscript) or that for Bos taurus 
is given as an example. 
2.1 Outline of this report 
This report is designed to provide readers with a complete overview of how the H2OBeef computer model 
works. Details regarding the number, type and characteristics of cattle in the feedlot are presented in Section 
2. The derivation of feed intake and weight gain is described in Section 3. An overview of a waste 
management plan is presented in Section 4. The detail underpinning the expected water demand is outlined 
in Section 5 along with the explanation for water balance in the feedlot. Economic data requirements are 
outlined in Section 6 and economic analyses described in Section 7. The capacity of H2OBeef is described 
in Section 8. The key variables used in the equations are listed in the attachment. 
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2 Cattle in the feedlot 
The number of cattle in the feedlot and time that they are there throughout the year is based on two 
Microsoft Excel® sheets. The Cattle sheet provides the structure for the feedlot, and change in weight 
of the cattle over time. The Lots sheet relies on input in the Cattle sheet and shows the duration in 
days for each lot for the corresponding months and the times during the year when the feedlot is free 
of cattle. 
2.1 Cattle sheet 
The total number of cattle expected to go through the feedlot in a year, the days the cattle are in each 
lot (i.e. the period of time the cattle are in the feedlot from day of entry to day of exit) and the days 
between each lot are entered directly into the spreadsheet by the user. The user also enters the 
percentage of Bos taurus and Bos indicus within the herd. The percentages entered should not 
exceed 100 per cent. If they do an “error” message will appear in this row, otherwise the message will 
read, “ok”.  Likewise, the natural death rate per annum and the purchase live weight are all deemed to 
be feedlot specific and so are directly entered into this sheet. The remaining parameters are calculated 
within this sheet as described in the sections below. 
2.1.1 Number of lots per year 
The number of lots per year (B) will influence the total time cattle are in the feedlot and the animal 
weight that they gain. It is calculated using the entered information for the time cattle are in the lot, tc 
(days) and time in between lots tb (days) and is assumed to be the same for all cattle.  
bc tt
B +=
365
 
2.1.2 Natural death rate 
The total number of cattle that go through the feedlot during a year, N (hd/yr) as well as the proportion 
that are Bos taurus (τ) and Bos indicus (ι) are selected by the user. These parameters together with 
the natural death rate (d) of each cattle breed in the feedlot are directly entered by the user. Hence the 
number of natural deaths per annum (dyr) and per day (dday) for Bos taurus would be: 
BTyrBT dNd τ=  
365
yrBT
dayBT
d
d =  
2.1.3 Cattle entering and exiting the feedlot 
Using parameters described in the above sections, the number of Bos taurus entering the feedlot at the 
beginning of each lot (eBT) would be:
B
NeBT
τ=  
The number of Bos taurus exiting the feedlot (xBT) accounts for natural deaths that are expected to occur 
over the period of time cattle are in the lot. 
T
)( cdayBTBTBT tdex −=  
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The procedure for Bos indicus is similar but specific parameters for this cattle breed would need to be 
entered. 
The total number of cattle in the feedlot at any one time (ς) could be approximated by taking the average 
number of Bos taurus and Bos indicus. 
22
BIBIBTBT xexe +++=ς  
2.1.4 Cattle weights 
The live weight of cattle at purchase (Wp) (kg/hd) is assumed to reflect the average live weight for yearling 
steers. In the model, a default of 220kg is used but this figure may be simply altered as required. Sale live 
weight (Ws) is a function of kilograms live weight gain per day (Wday) (from the LWT Prediction sheet as 
described in Section 3), the number of days that the cattle stay in the feedlot and the purchase weight. While 
different values for these parameters can be entered for different cattle breeds, the generic equation is: 
  )( daycPS WtWW +=
2.1.5 Feedlot area required 
The land area (ha) required for the feedlot (A) is based on the maximum number of cattle present at 
any one time multiplied by the square meters required per head Bos taurus (ABT) or Bos indicus (ABI) 
plus a miscellaneous area (AM) (ha). 
M
BIBIBTBT AAeAeA ++=
1000
 
According to Powell (1994) the recommended area for feedlot cattle is 15m2 per head. A 
miscellaneous area of 3 hectares is assumed to be reasonable. These values are the default values 
used in this model but can be changed to reflect individual feedlot circumstances. 
2.2 2.2 Lots sheet 
The Lots sheet in H2OBeef provides a calendar of cattle activities for a typical year. Users are not 
required to input any data into the two tables in this sheet. Instead the figures in these tables will 
change depending on the time users select for the cattle to be in the feedlot and the time in between 
lots. In summary this sheet shows the days per month where activity in each lot occurs. Table 1 as 
displayed in this sheet, shows the time cattle in each lot spend in the feedlot as well as the 'resting' 
time after removal of cattle from the feedlot. The months that cattle are in particular lots can be clearly 
identified. Table 2 in the Lots sheet shows the total days of 'resting' time after removal of cattle from 
each lot. Managers can use this table to see the months when this activity will occur. Information from 
both tables is also used in other sheets that require information about specific cattle numbers in 
specific months e.g. for the calculation of water intake. 
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Feed intake and weight gain 
Feed intake is assumed to be the main driver of water intake but is modified by salt content of the 
ration and the environmental impact of temperature and rainfall to maintain animal production. Hence 
dietary components and total quantity of feed given to each animal is explored in the Feed Issue 
sheet. The process of feed intake, conversion and waste output is detailed in the Live weight (LWT) 
Prediction sheet. Parameters associated with each of these activities are used to predict individual live 
weight gain, water demand and other factors required by the sheets that provide economic output.  
2.3 Feed Issue sheet 
The total quantity of ration fed per head per day, F, (kg/hd/day) is entered by the user into this sheet. The 
amount entered has a direct bearing on feed intake and water demand. 
There are a total of 53 different dietary components (Table 1) presented in the Feed Issue sheet of H2OBeef 
with space for inclusion of an additional 36 components should the user have feed ingredients not included 
in the list. However, if additional components are added then their associated nutritional parameters must 
also be included in the appropriate rows.  There is also a row representing a ‘no feed component’ option with 
a “code 0” that may be selected if the user wishes to have less than seven components in the diet (see 
below for more detail). It is assumed in H2OBeef, that cattle do not have any access to pasture.  For each 
component the nutritional parameters specified are dry matter content (DM), metabolisable energy (ME), 
fermentable metabolisable energy (FME), crude protein (CP), gross energy (GE), fat, neutral detergent fibre 
(NDF), acid detergent insoluble nitrogen (ADIN), nylon bag nitrogen degradation parameters (aN, bN, cN) 
and dry matter digestibility (DMD). Values for these parameters are included in the table and should only be 
changed if the user has good reason to do so.  
Table 1. List of dietary components and codes listed in the H2OBeef model 
Code Component* Code Component*
0 No feed component 27 Moist barley 
1 Apple pomace(wet) 28 Molasses, cane 
2 Apples 29 Oat grain 
3 Barley straw 30 Oaten straw 
4 Barley grain 31 Orange peel 
5 Bread 32 Palm kernel ext. 
6 Brewer's grains 33 Pea straw 
7 Cabbage 34 Peas 
8 Carrots 35 Potatoes 
9 Cassava meal 36 Rape 
10 Cereal straw 37 Rapeseed meal 
11 Citrus pulp 38 Rye grain 
12 Cottonseed meal 39 Silage 55-60 Days 
13 Fat 40 Silage 60-65 Days 
14 Fishmeal (white) 41 Silage 65-70 Days 
15 Fodder beet 42 Silage, >70 Days  
8M
APPENDIX M: FEEDLOT BEEF 
Code Component* Code Component*
16 Grass silage 43 Sorghum grain 
17 Hay, 50% DMD 44 Soyabean meal exp 
18 Hay, 60% DMD 45 Soyabean meal ext 
19 Hay, 65% DMD 46 Sugar beet 
20 Hay, 72% DMD 47 Turnips  
21 Hay, 79% DMD 48 Urea 
22 Lucerne silage 49 Wheat bran 
23 Lupins 50 Wheat grain 
24 Maize gluten feed 51 Wheat straw 
25 Maize silage 52 Whey 
26 Milk 53 Whole cotton seed 
*Assume all grains are processed 
Each component has a diet selection code that is used to represent that component should it be selected in 
the feedlot ration. Users select seven dietary components ‘codes’ in total along with the percentage of each 
component, n, in the ration (fn.). Code “0” (no feed component) can be selected more than once if fewer 
than seven components are required. However, each of the seven spaces must be completed. An ‘error’ 
check is provided in this sheet to ensure that the total percentage of dietary components is 100%.  
2.4 Live weight (LWT) prediction sheet 
Unless otherwise stated, specified estimations are based on published feeding standards. Specific 
references are recorded in the LWT prediction sheet and can be found by scrolling to the right of the sheet. 
2.4.1 Dry matter intake and output 
The total dry matter intake, D (kg/hd/day) is the summation of the feed ration, F (kg/hd) multiplied by the 
proportion of each component in the ration (fn.) and the dry matter content ( nα ) for each component 
selected using the following formula: 
∑=
n
nnFfD α  
Faecal output (dry matter) per head per day, K (kg/hd/day) is determined by multiplying the dry matter intake 
by one minus the average dry matter digestibility of the components in the feed ration, where Gn is the 
proportion dry matter digestibility of component, n. 
⎪⎭
⎪⎬
⎫
⎪⎩
⎪⎨
⎧
⎟⎟
⎟
⎠
⎞
⎜⎜
⎜
⎝
⎛
−−=
∑
n
G
DK n
n
1  
The total salt added to diet, S (g/hd/day) is determined from dry matter intake (in grams) multiplied by dietary 
salt added, s. 
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sDS 1000=  
2.4.2 Energy and live weight gain 
Total metabolisable energy in the ration, M (MJ/hd/day) is the summation of the energy density of 
each component in the ration, en (MJ/kg dry matter) multiplied by the dry matter intake of each 
component.  
∑=
n
nnnFfeM α  
Net energy stored (Eg) is calculated using the prediction equation in Bulletin 33 (1977) where: 
{ })091.03.8(0414.0 LM
D
MEg +−⎟⎠
⎞⎜⎝
⎛=  
and L is live weight (kg). 
Live weight gain (Lg) is calculated using the prediction equation in Bulletin 33 (1977) where: 
LE
E
L
g
g
g 0188.03.028.6 ++=  
The NRC beef cattle feeding standards (1996) indicated that Bos indicus breeds of cattle maintenance 
energy requirements are about 10% lower than the Bos taurus breeds. The maintenance requirement 
in Eg has been modified in line with this finding and there are no reported differences between the two 
breeds in the efficiency of utilization of energy for live weight gain. 
This sheet also allows for an alternative estimation of live weight change, energy requirements, as well 
as, protein surpluses or deficiencies as a guide to the adequacies of the proposed dietary 
formulations.  The calculations are based on AFRC (1993) and are independent of the parameters 
used to estimate live weight change for this model. The AFRC (1993) parameters used in this sheet 
were initially developed by S. Liu (pers. comm.), primarily to determine the energy and protein 
adequacy, or in-adequacies of rations, and have the potential to include other classes of cattle. The 
AFRC (1993) parameters calculated are presented in Appendix 2. 
A mean value for the gross energy of ruminant diets is assumed to be 18.8 MJ/kg DM (AFRC 1993) 
and has been used throughout when tabulating metabolisable energy requirements. Gross energy 
intake, E (MJ/hd/day) is calculated from the sum of the gross energy contained in each of the dietary 
components nε  (MJ/kg) multiplied by daily dry matter intake of each component per head. 
∑=
n
nnnFfE αε  
Metabolisable energy intake is calculated using the same formulae as for total metabolisable energy in 
the ration (M).  
The metabolisability of the gross energy in the diet dry matter (qm) is defined as the proportion of 
metabolisable energy in the gross energy of the feed using the following formula. 
E
Mqm =  
The fasting metabolism, qf, (MJ/hd/day) requirements for cattle are calculated using the following 
formula with C1= 1.15 for bulls and 1.0 for other cattle and Wp is the live weight of cattle at purchase: 
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67.0
08.1
53.01 ⎭⎬
⎫
⎩⎨
⎧= pf
W
Cq  
Assuming horizontal movement of 200 m, 12 hours of standing and six changes in position, AFRC  
(1993)  estimated the energy costs of activity, a (MJ/hd/day) in beef cattle from the following formula: 
pWa 0071.0=  
Net energy for maintenance, Em (MJ/head.day) is the sum of energy required for fasting metabolism 
and activity. This net energy evaluation is adjusted using an estimation of the efficiency of utilization of 
ME for maintenance (km). 
503.035.0 += mm qk  
The efficiency of utilization of ME for weight gain (kf) is estimated using the following formula: 
006.078.0 += mf qk  
Energy value of tissue gained or lost, Ev (MJ/kg) is estimated using the following equation: 
( )( )day ppv WC
WWC
E
1475.01
000009.00332.01.4
3
2
2
−
−+=  
where C3 =1 where the value of λ (see next page for definition) is assumed t >1 for feedlots. C2 corrects for 
mature body size and sex of the animal, in accordance with the values given in Tables 2 and 3. 
Table 2. Values of correction factor C2 for Ev content of live weight gains in cattle by maturity 
group and sex 
Maturity type Bulls Castrates Heifers 
Early 1.00 1.15 1.30 
Medium 0.85 1.00 1.15 
Late 0.70 0.85 1.00 
Table 3. Classification of cattle breeds into maturity groups 
Early Medium Late 
Aberdeen Angus Hereford Charolais 
North Devon Lincoln Red Limousin 
Friesian Sussex Simmental 
  Bos indicus 
Initial live weight (Wp) and the predicted live weight gains (Wday) are used from the model to predict final 
weight gains. 
Level of feeding as a multiplier of megajoules of metabolisable energy for maintenance (λ) is estimated as a 
ratio of Mmp to Mm
m
mp
M
M=λ  
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The metabolisable energy required for maintenance, Mm (MJ/day) is estimated using the following formula: 
m
m
m k
EM =  
The metabolisable energy requirement for maintenance and production, Mmp (MJ/day) can be estimated 
using the prediction equation: 
⎟⎟⎠
⎞
⎜⎜⎝
⎛
−−
⎟⎟
⎟⎟
⎟
⎠
⎞
⎜⎜
⎜⎜
⎜
⎝
⎛
=
1
ln
ln r
f
m
m
m
mp E
k
kk
EM β
β
 
β is found through calculation of the formula: 
fm
m
kk
k
−=β  
Er is the retention of Net Energy to adjust the ME intake of growing cattle in order to decrease the 
overestimation of energy retention implied by a linear model (Blaxter and Boyne 1970) and is estimated 
from: 
11
ln
−⎟⎟
⎟
⎠
⎞
⎜⎜
⎜
⎝
⎛
−= ⎟
⎟
⎠
⎞
⎜⎜⎝
⎛−
ff
m
m q
M
k
kk
r eE β  
The net energy retained by the growing cattle, Ef (MJ/hd/day) is determined from: 
mrf EEE =  
Live weight gain per day, Wday (kg/hd/day) is predicted using the following formula: 
( )fpp fday EWWC
E
W
1475.0000009.00332.01.4 24 +−+
=  
where C4  is correction factor for cattle sex ; 1.15 for bulls and castrate males, 1.10 for heifers. 
2.4.3 Protein 
Net protein equivalent of basal endogenous nitrogen requirements, Nb (gCP/hd/day), is estimated using the 
following formula: 
( )75.035.025.6 pb WN =  
Net protein requirements for scurf and hair growth, Nd (gCP/hd/day) is found from: 
( )75.018.025.6 pd WN =  
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Net protein requirements for maintenance, Nm (gCP/hd/day) is the sum of Nb and Nd. 
dbm NNN +=  
The efficiency of utilization of Nm for maintenance (knm) is defined in ARFC (1993) as knm=1. 
Metabolisable protein required for basal maintenance, Mb (gCP/hd/day) is calculated using the following 
formula: 
75.01875.2 pb WM = Metabolisable protein required for scurf and hair growth, Md (gCP/day) is 
estimated using the equation: 
75.01125.0 pd WM =  
Metabolisable protein required for maintenance, Mp (gCP/hd/day) is found using: 
dbp MMM +=  
Crude protein supplied by the diet, J, is the summation of the crude protein content of each dietary 
component, ρ (gCP/kg) multiplied by the dry matter content of each component consumed in the total diet. 
∑=
n
nnnFfJ αρ  
Rumen degradable protein, Dp (gCP/hd/day) in the diet for a given rumen outflow rate is predicted from the 
summation of quickly degradable protein, Dq  (g/kg) in the dietary components plus the summation of slowly 
degradable protein, Ds (g/kg) in the dietary components multiplied by the dry matter intake of each 
component per head. 
( )∑ +=
n
nnsnqnp FfDDD α  
with  
nnqn aD ρ=  
where an is the constant measured on the feed component. (quickly degradable protein is the cold water 
extracted fraction on the feed total crude protein content) 
and  
⎟⎟⎠
⎞
⎜⎜⎝
⎛
+= nn
nn
nsn rc
baD ρ   
with a, b, c and r being parameters measured on the feed components (slowly degradable protein is the 
amount of protein slowly degradable during the residence of the feed in the rumen). 
The measure of the total nitrogen supply that is captured and utilized by the rumen microbes for growth and 
synthesis purposes is called effective rumen degradable protein, De (gCP/kgDM) and is calculated using the 
following formula: 
( )∑ +=
n
nnsnqne FfDDD α8.0  
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Undegradable protein, Du (gCP/day) is estimated as crude protein minus the rumen degradable protein: 
pu DJD −=  
Digestible undegraded protein (gCP/day) is the amount of undegraded feed protein that is truly absorbed 
and is calculated using the following formulae: 
aud NDD 25.69.0 −=  
where Na is acid detergent insoluble nitrogen in the diet. 
Yield of rumen microbial protein synthesis Yr  (gMCP/MJ FME) is predicted as follows: 
( )λ35.010.60.7 −−+= eYr  
Fermentable metabolisable energy of the diet, Mf , (MJ/day) is a product of the sum of the intake of the 
individual FME components of the ration and the dry matter intake of each component per head. 
∑=
n
nnnf FfM αξ  
An estimation of the microbial crude protein, Mc (gMCP/day) supplied by the rumen is calculated from 
fermentable metabolisable energy of the diet and yield of rumen microbial protein synthesis. 
rfc YMM =  
The ratio of effective rumen degradable protein (De) and fermentable metabolisable energy of the diet (Mf) 
has three possible outcomes and is used to balance the protein component in the diets: 
1. If De supply is less than De requirement, then the diet is De limited and the microbial crude protein 
supply is equivalent to De. 
2. If De supply exceeds De requirements, then Mf is first limiting microbial crude protein supply and is 
determined from Mf and yield of rumen microbial protein synthesis. 
3. If De supply matches the supply of Mf, this is the objective of diet formulations using the 
metabolisable protein system. This avoids both unnecessary surplus nitrogen excretions, which has 
environmental implications in feedlots, or else limitations of forage/diet intake caused by a shortage 
of De. 
Digestible microbial true protein, Mt (gCP/day) is produced by the activities of the rumen microbes, which 
synthesizes protein from fermentable energy sources in and amino acids or non-protein nitrogen from the 
breakdown of feed proteins in the rumen.  
ct MM 6375.0=  
Total metabolisable protein, MT  (gCP/day) is calculated from: dcT DMM += 6375.0  
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Waste management 
While waste management associated with a beef feedlot does not require additional water, the 
products derived from processing the waste contribute to the total returns generated by the enterprise. 
Furthermore regulations associated with feedlots generally require effluent produced from such 
operations to be dealt with in a manner that meets health and safety standards. The following sections 
outline the waste output, treatment, costs and returns as described in the Waste Management sheet. 
2.5 Waste output 
Dietary concentration of nitrogen, ND (g/kgDM) is calculated using crude protein intake and dry matter intake 
as found in the LWT prediction sheet.  
⎟⎠
⎞⎜⎝
⎛⎟⎠
⎞⎜⎝
⎛=
D
JND
1
25.6
 
Dietary concentrations of phosphorus, potassium and sodium have been directly placed into H2OBeef. 
These concentrations along with operator selected values for excretion, based on Spears et al. (1989) for 
apparent digestion of minerals, are required in H2OBeef to calculate how much of each component is 
retained in the faeces and urine as described in the sections below. 
2.5.1 Faeces 
The proportion of each of the elements in the faeces is currently estimated in the model based again 
on Spears et al. (1989), except for faecal nitrogen (Nf), which is calculated using total metabolisable 
protein supplied and total crude protein intake from the diet, so as to estimate the non-metabolisable 
component. The generic equation used to determine the proportion of nitrogen in faeces is: 
⎟⎠
⎞⎜⎝
⎛−=
J
MN Tf 1  
Faecal concentration will then simply be the dietary concentration multiplied by the proportion of the 
element found in the faeces. Hence for nitrogen, the faecal concentration, NF (g/kgDM) would be: 
fDF NNN =  
The total dry matter of elements in the faeces can then be determined from the faecal concentration 
for that element multiplied by the remainder left from the feed digestible fraction reported as faecal 
output in the LWT prediction sheet. Therefore the total amount of nitrogen derived from the faeces and 
available for sale, NS (kg) would be:  
KNN FS =  
All faecal nitrogen is assumed to be stable and remain in the faeces.  
2.5.2 Urine 
Urinary weight output, UO (g/hd/day) is estimated using the prediction equation of Fox et al. (2004) using the 
parameters of total DMI intake, crude protein intake and live weight. 
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All urinary nitrogen is assumed to be lost to the atmosphere as ammonia, thus making no contribution to 
mature nitrogen levels.  Urinary phosphorus output, UP (g/hd/day) is determined as a function of body weight 
(Fox et al. 2004).  
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Urinary sodium, UNa (g/hd/day) and potassium UK (g/hd/day) outputs are estimated using excretion 
coefficients based on Spears et al. (1989). 
DNaU DNa 79.0=  
DKU DK 35.0=  
The total amount of each mineral excreted per day in the feedlot is simply the total faecal and urinary outputs 
for those minerals converted from grams to kilograms. 
2.5.3 Processing costs 
The annual processing costs for an element, e.g. for nitrogen CN ($/yr) is estimated in H2OBeef by 
multiplying the cost of processing for that element, cN ($/kg) by the total amount of nitrogen produced, NT 
(kg/day) and the number of days per year that the cattle are in the feedlot, ty (days). 
yTNN tNcC =  
The total annual processing costs for all waste produced are found by summing the processing costs 
for each mineral. 
2.5.4 Revenue from minerals 
The annual revenue derived from selling a mineral processed from feedlot waste, e.g. for nitrogen RN ($/yr) 
is estimated in H2OBeef by multiplying the price that element can be sold for, PN ($/kg) by the total amount of 
nitrogen produced, NT (kg/day) and the number of days per year that the cattle are in the feedlot, ty (days). 
yTNN tNPR =  
The total annual revenue that can be derived from mineral sales is the sum of revenue produced by 
each mineral. It is assumed that these minerals will be sold as compost at a price equivalent to 
fertilizer containing similar elements. It should also be noted that waste water passing into the 
groundwater table meets regulation quantity and quality. 
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Water demand and balance 
Water demand is a factor that is commonly overlooked in animal enterprises. Usually this is because 
water is not a limiting input and its cost is often seen as being insignificant when compared to other 
inputs. However, as water becomes less available and/or more expensive it should not be overlooked 
in animal enterprises. In the following sections, details describing how water demand is calculated in 
H2OBeef are provided. Furthermore, a description regarding the water sources for the feedlot and 
water balance will be provided. The parameters are inclusive for determination of water intake and are 
based upon feedlot measurements, although the data is for US feedlots that include lower 
temperatures and less extreme temperatures than those experienced in Australian feedlots. 
Nevertheless it is possible to alter these values if the user wishes to assume different values for the 
parameters based on their own experiences. 
2.6 Water demand sheet 
The Water demand sheet relies on rainfall and temperature data for the area that the feedlot is located in so 
as to calculate water required for dust control and water intake for cattle. 
2.6.1 Climatic data 
For each month of the year average monthly rainfall data, Wm (mm), average days each month where 
the rainfall is less than 3 mm, Wl (days), the maximum temperature in each month, T (oC) and that 
amount of water required for dust control on a daily basis, Wd (mm) are all directly placed in H2OBeef. 
2.6.2 Dust control and spray for heat stress 
The Water demand sheet includes estimations of total water used for dust control and spray for heat 
stress in the feedlot. As a default, it is assumed that watering would be required to maintain the 
manure surface moisture content at 25 to 35 per cent. Assuming 1 mm/ha is equivalent to 10,000 L, it 
would be necessary to spray 3 L/m2 to ensure the equivalent of 3 mm/day. 
The water required for dust and stress control for Bos taurus cattle in the feedlot in any one month, 
WBT (L/mth) would be: 
ldBTBTBT WWeAW =  
Likewise the water needed for dust and stress control for Bos indicus cattle in the feedlot in any one 
month WBI (L/mth) could be calculated using relevant data for this cattle type. 
2.6.3 Water intake for cattle 
Daily water intake for a cow, HA is estimated from Hicks et al. (1988) and uses dry matter intake (D) 
(kg /hd/day), maximum daily temperature, T (oC), average monthly precipitation, Wm (mm) divided by 
the number of days in a specific month, tm and dietary salt added, s (Na%).  Therefore the feedlot 
monthly water intake for Bos taurus, HA (L/mth) can be estimated as: 
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where tm represents the number of days in a specific month.  
This prediction of water intake needs to be treated with caution for salt inclusions in the diet of greater 
that 0.5%. The equation predicts decreasing water intakes with increasing salt content in the diet. This 
is contrary to the prediction equation developed by Murphy et al. (1983) where increasing salt content 
in the diet resulted in increased water consumption. However, the above estimation of water intake 
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based on Hicks et al. (1988) is similar to that produced by Winchester and Morris (1956) for cattle 450 
kg at 20oC but diverges for larger cattle at higher temperatures.  
As there are few available published references for estimation of water intake the model developed by 
Hicks et al. (1988) was selected for H2OBeef as it is the most inclusive and the temperature range was 
appropriate for this environment. However, there needs to be some caution exercised using this model 
with large cattle in extreme temperatures. The Winchester and Morris (1956) predictions also 
differentiated between Bos indicus and Bos taurus cattle. Hence, substituting the relevant parameters 
for Bos indicus into the equation suggested by Hicks et al. (1988) and multiplying by this correction 
factor would give the monthly water intake for that cattle type. 
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Where: φ (value can be calculated from Winchester and Morris (1956) or operator choice) is the 
correction factor for water intake for Bos indicus. Please note that the outputs from the Hicks et al. 
(1988) calculation for water intake is referred to as “Option 1” in the Water demand sheet. 
The predictions for daily water intake based on Winchester and Morris (1956) for Bos taurus (HBT) and 
Bos indicus (HBI) are also included in the Water demand sheet as an alternative estimation of daily 
water requirements and is referred to as “Option 2”. The equations used are: 
( ){ }aTBT eDH 17596.001595.0413.3 −+=  
( ){ }aTBI eDH 17596.0008461.0076.3 −+=  
Where Ta is the average daily maximum temperature for the year. 
A further check predicts minimum water intake based on Doreau et al. (2004) assuming that water 
intake will be 25.3 mL/kg live weight/day. Intake is doubled if cattle are fed ad libertum. The generic 
equation for both cattle types is presented as: 
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This check is referred to as “Option 3” in the Water demand sheet and serves as warning in cases 
where cattle are fed very restricted intakes and the weather conditions can then start to become a 
prime determinant of water intake. These minimal metabolic requirements should be considered as the 
minimal water allowance for beef cattle. 
2.6.4 Total water requirements for the feedlot 
The total feedlot water requirements each month, WR (L/mth) are simply the sum of water required per 
month for both cattle types for dust control and water intake. These amounts can then be fed directly 
into the Water sheet. 
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2.7 Water sheet 
The Water sheet presents an overview of the water balance for the feedlot for each month of the year. 
2.7.1 Water sources 
Any water source can be used in the model with the quantity of water available per month for each 
month of the year WD (L/mth) being entered directly into the Water sheet. However, the main reason 
for the development of H2OBeef was to integrate desalinated water and therefore it will be assumed 
that this source of water refers to that water type. More specifically, the exact amount available will be 
derived from the larger systems model that will provide an estimation of the desalinated water that has 
been derived from extracted water from under a specific rural town.  
The water balance, WB (L/mth) can then be calculated as the difference between the water 
requirements as calculated in the Water demand sheet and the desalinated water available. 
B
RDB WWW −=  
If the water balance is positive the remaining desalinated water is displayed in the Water sheet and if it 
is negative the quantity of water required from another source, e.g. scheme, is also presented. 
Please note that as a check regarding the quantity of salt in the water sources, the user is required to 
input the Moles of NaCl/m3 in the water into the Water sheet.  Depending on the quantity a message 
as outlined in Table 4 will appear.  
Table 4. Symptoms occurring in cattle when consuming water with various salt contents 
Moles of NaCl/m3 in water Symptoms in the Cattle 
Up to 12.7 no problems 
Over 12.7 and up to 38.2 temporary diarrhoea in unaccustomed stock, won't restrict 
long term performance 
Over 38.2 and up to 63.7 satisfactory but can cause serious problems in 
unaccustomed stock 
Over 63.7 can cause serious problems in all stock 
2.7.2 Cost of water  
The price of desalinated water, PT ($/kL) and of the alternative source PS ($/kL) are directly placed into 
the Water sheet in H2OBeef. The cost of desalinated water will be derived from the larger systems 
model while the cost of the ‘other’ water should equal the marginal cost of scheme (or other) water. 
The total cost of desalinated water CT ($/mth) will therefore be the quantity of desalinated water used 
in the feedlot multiplied by the price. 
DTT WPC =  
Likewise the cost of scheme or ‘other’ water can be calculated in the same way. The total cost of water 
is then simply the summation of the water costs for each type. 
There is a facility in H2OBeef to also include water transport costs. In the case of desalinated water it 
is assumed that the feedlot will be some distance away from the desalination plant and hence the cost 
of transport would be the total amount of desalinated water used multiplied by the cost of transporting 
each litre of water over each kilometre. 
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Economic Data 
H2OBeef provides a long-term view of the economics of beef feedlot management with special 
consideration of water. Management decisions will impact on the output of the feedlot, and these 
decisions together with input costs and output prices, will determine whether the feedlot produces long 
term economic benefits. In the following sections data that are required for the economic analysis in 
this model is outlined. Details regarding assets, revenue and most costs are contained within the 
Econs data sheet whilst those pertaining to loan repayments are presented in the Loan repay sheet 
and those describing indirect costs and benefits are outlined in the Indirect B&C sheet. The 
parameters in these sheets are either based directly on data obtained from various sources or derived 
from calculations based on this data, some of which are described in previous Sections of this 
document. 
2.8 Costs 
2.8.1 Cattle purchases  
The total value of cattle purchases (CC) ($/yr) is a function of number of lots per year, Ln (rounded up 
to the nearest whole number), cattle inputs per lot, purchase live weight (from Cattle sheet) and 
purchase price in dollars per kilogram live weight Bos taurus (PpBT) or Bos indicus (PpBI). 
)( pBIpBIBIpBTpBTBTnC PWePWeLC +=  
The purchase price will change depending on the market and weight and type of cattle bought. 
Therefore the model allows for the default value of $1.90/kg to be changed. 
2.8.2 Feed costs 
The feed cost per animal per day (cF) ($/hd/day) is calculated using feed in the ration, F (kg/hd/day), 
per centage of each component in the ration, fn (%) and the price of each component, Pn ($/t) as 
found in the Feed Issue sheet. 
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Total cost of feed used in the feedlot each year, CF ($/yr) can then be found by including the time that 
the cattle are in the feedlot throughout the year and the number in the feedlot at any one time. 
)( BIBTyFF eetcC +=   
2.8.3 Water costs  
Annual water costs are taken directly from the Water sheet. 
2.8.4 Health and veterinary costs 
Average health and veterinary costs are calculated on a per head basis for the time the animal is in 
the feedlot (cHV). As a small percentage will die a natural death some animals will not incur the full 
cost. However, to ensure these costs are not underestimated, total health and veterinary costs per 
year (CHV) are based on the number of cattle entering the feedlot in each lot and the number of lots 
per year (rounded up to the nearest whole number). 
)( BIBTnHVHV eeLcC +=  
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2.8.5 Cattle transport costs 
It is assumed that the enterprise pays for transporting the cattle to the feedlot and also to the place of 
sale. As a default, average input, cTI and output, cTO transport costs ($/hd) are estimated based on 
the distance from the Mount Barker saleyards to Wagin. While this value is used as a default in the 
model, it is possible to use alternative values to represent transport costs. The total cost of transport 
per year for cattle entering the feedlot (CTI) is found by multiplying the average input cost by number 
of cattle entering the feedlot in each lot and the number of lots per year (rounded up to the nearest 
whole number).  
)( BIBTnTITI eeLcC +=  
Likewise the total transport costs per year for cattle leaving the feedlot (CTO) are based on the 
number of cattle exiting the feedlot in each lot and the number of lots per year (rounded down to the 
nearest whole number).  
)( BIBTnTOTO xxLcC +=  
2.8.6 Waste management costs 
Annual waste management costs are taken directly from the Waste management sheet. 
2.8.7 Labour costs 
Whilst it is recognized that the feedlot will require a minimum amount of ‘fixed’ labour no matter the 
number of cattle, it is assumed that the feedlot would be running to capacity and would require labour 
every day of the year.  It is also assumed that during the ‘time in between lots’ labour costs will remain 
the same as there will be some requirement for cleaning etc. as well as provision made for employees 
to take leave. Hence for simplicity, the labour required per day is estimated on a per hundred head of 
cattle basis (Lday). Basing labour on the input number of cattle, maximum total labour required per 
year (Lyr) is therefore: 
100/)( BIBTdayyr eeLL +=  
The total annual labour cost (CL) will then be a function of labour required per year and the average 
annual wage (ϖ) (includes all on-costs etc and recognizes that employees will be scheduled to work 
some weekends) 
ϖyrL LC =  
2.8.8 Cost of fuel 
The default fuel is assumed to be diesel with the total cost per year, CD ($) being based on the price 
of diesel, PD ($/L) and the average quantity used per day, QD (L/d). Other fuel costs such as for oil 
and grease are assumed to be negligible so are not included as individual costs. 
)(365 DDD QPC =  
2.8.9 Other costs 
The cost of machinery expenses, CM ($/yr), repairs and maintenance, CR ($/yr), electricity and phone, 
CE ($/yr), rates and insurance, CI ($/yr), and contingencies, CG ($/yr), are all directly inputted into the 
Econs data sheet. 
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2.8.10 Indirect costs 
Costs arising out of a cattle feedlot that impose upon an external party can be referred to as indirect 
costs. Such costs may include pollution arising from odour and/or from nutrient flow into the ground 
water. The simplest way to recognize these costs would be to relocate the feedlot site far enough from 
the town for these costs to be negligible. To enable this relocation to occur, water would then have to 
be transported to the site from the town. Hence the costs associated with water transport could be 
considered to represent the upper-bounds of these indirect costs. Care must be taken so as not to 
double count water transport costs if these same costs are included in the Water sheet as direct costs.  
Sensitivity analysis can be completed to determine the impact of such costs on the project. This 
indirect cost, Cp ($/yr) could then be calculated by multiplying the amount of desalinated water 
required by the feedlot by the distance the feedlot is from town, DT (km) and the cost of transporting 
the water to the feedlot CB ($/km). 
BTDp CDWC =  
2.8.11 Total variable costs 
The total variable input cost (CV) ($/yr) is found by summing all of the variable costs as described above. 
GIERMPDLTOTIHVWFCV CCCCCCCCCCCCCCC +++++++++++++=  
2.9 Assets 
2.9.1 Total assets  
In dollar terms, total fixed assets, AT ($) are assumed to include the value of: cattle held in the feedlot 
at any one time, VC ($); land as described below, CA ($); feedlot sheds and infrastructure, VSI ($); 
feed silos VFS ($); waste storage VWS ($), and other assets as specified VOS ($); where: 
)()( pBIBIBIpBTBTBTC PWePWeV +=  
OSWSFSSIACT VVVVCVA +++++=  
The value of the feedlot sheds and associated infrastructure will depend on the number of cattle that 
are kept in each lot. However, because there are other factors associated with quality of building 
materials used and other like costs, for simplicity, the default value of $1,000,000 is used in this model. 
Likewise the value of feed silos is set at $150,000, waste facilities at $100,000 and other assets at $0. 
Nevertheless, the option to alter any of these values is available. It is assumed that the feedlot is 
custom built depending on the expected number of cattle that will be held within the feedlot. 
2.9.2 Cost of land  
The total cost of land for the feedlot, CA ($) will be a function of land area required (from the Cattle 
sheet) multiplied by the price of land per hectare (it assumed that this price includes any costs 
required to make the land ‘building ready’) (PA). 
AA APC =  
Land prices vary depending on location. However, in the model it is assumed that the feedlot will be 
located just outside the Wagin townsite in an area not favoured for residential development and hence 
will have a lower value of around $5,000/ha.   
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2.9.3 Net assets  
Net assets are simply total assets minus liabilities. In H2OBeef there is the option to enter the 
percentage of total assets (not including the value of cattle) that are on loan. The total amount on loan 
is taken from the Loan repay sheet (described in Section 7) and this amount represents total 
liabilities. Initial equity is the ratio of net assets over total assets and provides an indication of the 
viability of the enterprise. According to Kerrigan and Kelliher (1992) the greater the equity, the greater 
the proportion of the business owned by decision maker and hence the greater the capacity he or she 
has in decision making. They recommend that a reasonable amount of equity in a business should be 
around 70 per cent.  
2.10 Revenue 
2.10.1 Cattle sales  
The total value of cattle sales, RC ($/yr) is a function of the number of lots per year, cattle outputs, 
sale live weight (from the Cattle sheet) and sale price in dollars per kilogram live weight Bos taurus 
(PsBT) or Bos indicus (PsBI). 
)( sBIsBIBIsBTsBTBTnC PWxPWxLR +=  
The sale price will change depending on the supply, demand, weight and type of cattle sold. Therefore 
the model allows for the default value of $2.50/kg to be changed as necessary. 
2.10.2 Feedlot waste sales 
Revenue derived from annual waste management, RW ($/yr), is taken directly from the Waste 
management sheet. 
2.10.3 Other revenue 
There is facility to directly enter into the Econs data sheet, an amount for other revenue that is directly 
related to the feedlot and has not already been included in the above categories, RO ($/yr). 
2.10.4 Indirect revenue 
Flow-on effects from the beef feedlot to local communities are used as a proxy for indirect benefits. To 
calculate these flow-on effects input-output multipliers are used. It is assumed that for the feedlot 
business, for every $1 spent on wages, XW ($), will be spent locally. Also for the wage earner, for 
every $1 earned, XE ($), will be spent in local businesses.  
A direct increase in employment (full-time equivalents) in the town as a result of the feedlot is 
equivalent to total labour required per year in the feedlot (Ly) as noted above. The salary level ($/yr) is 
equivalent to the total annual labour cost (CL) also as noted above. It is also assumed that there will 
not be any expansion over time. Annual indirect benefits, RI ($/yr) can then be calculated as: 
( ) LyEWI CLXXR +=  
2.10.5 Total revenue 
Total revenue, R ($) is the returns before production costs have been deducted for all enterprises 
associated with the feedlot and are calculated by summing revenue as outlined above.  
IOWC RRRRR +++=  
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Economic Analysis 
As explained in numerous texts such as in Robison and Barry (1996), long-term investments are 
analysed by adding all costs and benefits for each year of the project (as present day values) and 
using a discounting approach so as to calculate the net present value.  In its simplest form this method 
does not include differing inflationary effects associated with inputs and/or outputs, revenue earned 
from interest on profit or tax implications. The components of the cost benefit analysis as presented in 
H2OBeef are described in the following sections. In addition a description of how sensitivity analysis 
can be conducted is presented at the end of the Section. 
2.11 Costs 
The current costs as identified in the Econs data sheet (described in the preceding section) are used as 
default total annual costs for each of the 20 years, Cn ($/yr). However there is an option to independently 
increase or decrease each of these costs over the time period. This option may be selected to account for 
changes in risk and hence changes in expected costs, or for costs such as machinery replacement. The 
loan principle and interest costs are calculated separately in the Loan repay sheet as described below. 
2.11.1 Repayment costs on loan 
In the Loan repay sheet the interest rate, length of the loan, total number of repayments per year, 
principle left at the end of the loan, and time when the payments are due are all entered by the user. 
The total loan on fixed assets is selected in the Econs data sheet and as a consequence the principle 
and interest at the end of each year for the time of the loan can be calculated. This calculation is 
based on a constant payment at the end of each payment period. As outlined in Malcolm et al. (2005), 
the payment, Pm ($/yr) is calculated using a constant interest rate, r (%), the value of the fixed costs 
on loan, Lf ($), and a time period stretching over the life of the project, t (yr). 
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It must be noted that the repayments are due each month in H2OBeef and hence this yearly repayment is 
divided evenly over a 12 month period. 
There is also the option to take out a short-term loan. As a default in H2OBeef, it is assumed that finance for 
significant purchases over the first four months of the year is sought with the full amount repaid at the end of 
this period. However, these default values can be easily changed in the model to reflect an actual situation. 
2.12 Benefits  
As for costs, the time period for which benefits are considered in H2OBeef is 20 years. Current revenue from 
cattle sales, fertiliser revenue, other revenue directly related to the feedlot and indirect benefits as detailed in 
the Econs data sheet (as described in Section 7) are transferred into the Benefits sheet for each year Rn 
($/yr). However, there is facility in this sheet for total revenue in any one of the 20 years to be altered if 
required. This alteration may be required to reflect a change in benefits due to e.g. price risk and other such 
changes in benefits that may occur in a particular year. 
2.13 Net benefits  
To calculate the net benefits, Bn ($/yr) for any one year, the total costs are subtracted from the total 
returns for that year. 
nnn CRB −=  
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However, this calculation does not include inflation, interest or tax. Inclusion of these parameters is 
discussed in the section below. 
2.13.1 Inflation, interest and tax  
In H2OBeef it is assumed that production doesn’t increase over time and the inflation rate for costs and 
revenue is constant and therefore is not included in the model. However if production and/or 
inflationary effects are important in certain years then these can be indirectly added into the model by 
increasing the percentage costs and/or benefits in any one year. 
Furthermore, if a profit is made in any one year within the feedlot then this profit could be invested and 
hence would generate additional revenue. As a simple proxy for this additional revenue there is the 
option in H2OBeef to enter the interest rate that would be associated with this investment and hence 
the resulting revenue can be calculated.  
Pannell (2004) suggests including taxation implications in cost benefit analyses that pertain to private 
investment. If H2OBeef is considered only in such terms then the effects of taxation should be 
considered in the decision making. Hence the user indicates that this is the case by entering the 
marginal tax rate into the model where it is assumed that tax is simply calculated on the previous 
year’s earnings. Alternatively if H2OBeef is part of a government program aimed at reducing saline 
ground water in rural towns then it would not necessary be appropriate to include tax as a cost. 
2.13.2 Net present value  
To calculate the net present value, NPV ($) for the period of the project the total costs are subtracted 
from the total returns for each year, summed and discounted. While the discount rate can be selected 
by the user, it is suggested that the discount rate should be equivalent to the real bank interest rate.  
∑
= +=
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The preferred strategy has the highest NPV. The internal rate of return, IRR is calculated as the 
discount rate when the NPV is set equal to zero. A strategy would be preferred if the IRR is greater 
than the discount rate. The benefit cost ratio is simply the net benefits divided by the net costs and if 
greater than zero it indicates that benefits derived from the project are greater than the costs. 
2.13.3 Sensitivity analysis  
In bioeconomic models, parameter values and assumptions presented in a base case analysis may not be 
perfect and hence sensitivity analysis can be done to investigate how changing these values and/or 
assumptions can impact on outcomes derived from model results. Pannell (1997) presents a detailed 
account of how sensitivity analyses can be effectively carried out. The following account is loosely based on 
his paper and provides a brief overview of a plan that could be followed for conducting sensitivity analyses 
for H2OBeef. 
It is not feasible to vary the values of every parameter in a model and therefore only the parameters that are 
most likely to impact on the results should be selected as part of a sensitivity analysis. Having selected a 
parameter, it is best to identify a realistic range of values with a maximum and minimum value. Entering 
these values one at a time in place of the base case value generates a new set of results. If these results are 
not particularly different from those of the base case then it can be assumed that the model outcome is not 
very responsive to that parameter. However, if the outcome does change significantly with a change in value 
of a parameter then the model is responsive to this parameter. The first step then is to review the base case 
model and make sure that the initial values were reasonable. This being the case, the results need to be 
documented in a sensible manner so that it is very clear what they mean. This may involve the use of graphs 
or tables with a logical explanation as to how they affect the outcome of the base case model. This 
procedure can be done for every parameter selected as part of the sensitivity analysis. However, care is 
required to make sure that none of the parameters are correlated. If they are then the values of the 
parameters should be altered together. While this procedure could involve a great number of combinations 
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to run through an analysis, common sense should prevail in selecting only the values that are likely to impact 
upon the outcome so that a feasible number of model runs can be completed.  
An alternative to selecting various values for parameters and then determining the effect on the outcome is 
to work backwards. This involves altering the value of the parameter until a breakeven point is reached. So 
in the case of H2OBeef, the price of water might be increased until the feedlot returns a zero NPV. Often 
results of such an analysis provide an interesting story. 
The results of a sensitivity analysis should provide justification for arguing how confident the researcher is 
about the outcomes generated from the base case scenario. Even if the probability of an event occurring is 
not known, a subjective assessment on how likely a parameter is likely to change can be presented. This 
information can then be passed on to decision makers who need to be able to assess a project before they 
can decide on progressing with it. Part of this process also requires that they are very much aware of the 
parameters that may change the outcome so that they can take appropriate steps to account for these 
changes should they occur.   
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Capacity of H2OBeef  
H2OBeef was developed to enable water usage and subsequent costs in beef feedlots to be included 
in decision making associated with such an enterprise. While the model is comprehensive there are 
limitations that need to be acknowledged by users of the model and those interpreting the results 
derived from the model. 
H2OBeef will not automatically calculate which strategy is ‘best’. Users evaluate strategies using 
experimentation and ‘trial and error’. That is a number of model runs with varying parameter values are 
required to work out desired strategies. Furthermore, H2OBeef does not represent year-to-year variation in 
climate, beef output or prices. However, general changes can be manually placed in the model to reflect 
these variations. 
Even though great care has been taken in data collection and model development so as to create a robust 
model, there may be times when constant figures in equations need to be altered. Justification for making 
these changes should always be carefully documented so that the results can be interpreted correctly. Also, 
as many of the default values included in this version of H2OBeef are representative of a typical town in a 
region of Western Australia, these values will need adjusting for other towns and for other regions so that the 
model output is relevant for a particular situation. 
As with most computer-based models, time and funding constraints have restricted further development and 
refinement of H2OBeef. Nevertheless, the authors welcome constructive feedback regarding this model.  
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Contact details for information regarding H2OBeef 
For information about H2OBeef or to suggest improvements or changes contact Jo Pluske or Tony Schlink.  
Jo Pluske 
School of Agricultural and resource Economics 
The University of Western Australia 
35Stirling Hwy 
Crawley WA 6009 
Phone (08) 6488 3427 
Email jpluske@are.uwa.edu.au 
 
A.C. (Tony) Schlink 
CSIRO Livestock Industries 
Underwood Ave 
Floreat Park  WA  6014 
Private Bag 5 
Wembley  WA  6913 
Phone (08) 9333 6628 
Email Tony.Schlink@csiro.au 
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Attachment 1: Key to variables used in Equations 
Variable Data Name Units 
α % dry matter content for each dietary component % 
β Parameter = km/(km-kf)  
b Percentage of Bos taurus in the feedlot % 
ε Gross energy in each dietary component MJ 
ξn Fermentable metabolizable energy of components in each feed MJ 
ρn Protein content of components in each feed ration gCP/kg 
φ  Correction factor for water intake for Bos indicus constant 
τ  Percentage Bos taurus in feedlot % 
λ Level of feeding as a multiplier of MJ of ME for maintenance  
ι Percentage Bos indicus in feedlot % 
ς Total number of cattle in the feed lot at any one time hd 
A Land area required for the feedlot ha 
ABT Land area required per head Bos taurus m2
ABI Land area required per head Bos indicus m2
AM Miscellaneous area required for feedlot ha 
A Energy costs of activity MJ/hd/day 
B Number of lots per year lots/yr 
BBn   Net benefits $/yr 
CA  Total cost of land for the feedlot $ 
CB Cost of transporting the water to the feedlot $/km 
CC  Total value of cattle purchases $/yr 
CD Total cost of fuel per year $/yr 
CE Electricity and phone $/yr 
CF  Total feed costs  $/yr 
cF  Feed cost per animal per day $/hd/day 
CG Cost of contingencies $/yr 
CHV Total health and veterinary costs per year $/yr 
cHV Average health & veterinary costs whilst the animal is in the feedlot   $/hd 
CI  Cost if insurance per year $/yr 
CL  Total annual labour cost  (equivalent to salary level) $/yr 
CM  Cost of machinery expenses $/yr 
CN Annual processing costs for an element, e.g. for nitrogen $/yr 
cN Cost of processing for element, e.g. for nitrogen $/kg 
Cn   Total annual costs for each of the 20 years $/yr 
Cp  Indirect costs $/yr 
CR  Costs of repairs and maintenance $/yr 
CTI Total cost of input transport per year $/yr 
cTI Average input transport costs $/hd 
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Variable Data Name Units 
CT  Total cost of desalinated water $/mth 
CTO Total cost of output transport per year $/yr 
cTO Average output transport costs $/hd 
CV  Total variable input costs $/ha 
D Dry matter intake kg/hd/day
Dd Digestible undegradable protein gCP/day
dday Natural deaths/day No./day 
De Effective rumen degradable protein gCP/kg DM
Dp Rumen digestible protein gCP/day
Dq Quickly degradable protein g/kg 
Ds Slowly degradable protein g/kg 
Du Undegradable protein gCP/day
DT  Distance the feedlot is from town km 
dyr Natural deaths/annum No./yr 
E Gross energy intake MJ/hd/day
eBI  No. Bos indicus entering the feedlot at the beginning of each lot hd 
eBT  No. Bos taurus entering the feedlot at the beginning of each lot hd 
Ef Net energy retained by the growing cattle  MJ 
Eg Net energy stored  MJ 
Em Net energy for maintenance MJ/hd/day
en Energy density of each component in feed ration MJ/kgDM
Er Retention of net energy  (0-1) 
Ev Energy value of tissue gained or lost  MJ/kg 
F Feed ration kg/hd/day 
fn % of component in feed ration % 
Gn % dry matter digestion of component n in feed ration % 
H Water intake L 
HBI Water intake for Bos indicus  L/day 
HBT Water intake for Bos taurus  L/day 
I Daily precipitation mm 
J Crude protein in diet gCP/kg 
K Faecal output (drymatter) Kg/hd/day 
kf Efficiency of utilization of ME for weight gain (0-1) 
km Efficiency of utilization of ME for maintenance (0-1) 
L Live weight  Kg 
Lday  Labour required per day  No./day 
Lf  Value of the fixed costs on loan $ 
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Variable Data Name Units 
Ln Number of lots per year  
Lyr Maximum total labour required per  year  No./yr 
 Ly Total labour required per year in the feedlot No./yr 
M Metabolisable energy in the ration  MJ 
Mb Metabolisable protein required for basal maintenance gCP/hd/day 
Mc Metabolisable crude protein gCP/day 
Md Metabolisable protein required for scurf & hair growth gCP/hd/day 
Mf Fermentable metabolisable energy of the diet MJ/day 
Mm Metabolisable energy for maintenance MJ/day 
Mmp Metabolisable energy for maintenance and production MJ/day 
Mp Metabolisable protein required for maintenance gCP/hd/day 
MT Total metabolisable protein gCP/day 
Mt Digestible microbial true protein gCP/day 
N Total number of cattle that go through the feedlot during a year  hd/yr 
n A dietary component  
Na Acid detergent insoluble nitrogen in diet gCP/hd/day 
Nb Basal endogenous nitrogen requirements gCP/day 
nBI Number of lots of Bos indicus cattle lots/yr 
nBT Number of lots of Bos taurus cattle lots/yr 
ND Dietary concentration of nitrogen g/kgDM 
NaD Dietary concentration of sodium g/kgDM 
NkD Dietary concentration of potassium g/kgDM 
Nd Net protein requirements for scurf & hair growth gCP/day 
NF Faecal concentration: nitrogen g/kgDM 
Nf Faecal nitrogen  proportion 
Nm Net protein requirements for maintenance gCP/hd/day 
NPV  Net present value $ 
NS Total nitrogen derived from faeces and available for sale kg 
NT Total amount of nitrogen produced kg/day 
PA  Price of land per hectare  $/ha 
PD Price of fuel (diesel) $/L 
PpBI  Live weight purchase price Bos indicus $/kg 
PpBT  Live weight purchase price Bos taurus  $/kg 
Pm  Loan payment $/yr 
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Variable Data Name Units 
PN Price that element can be sold for e.g. nitrogen $/kg 
Pn Price of each component $/t 
PS Price of alternative water source $/kL 
PsBI Live weight sale price Bos indicus $/kg 
PsBT Live weight sale price Bos taurus  $/kg 
PT Price of desalinated water $/kL 
QD Average quantity diesel  used per day  L/day 
qf Fasting metabolism MJ/day 
qm Metabolisability of gross energy MJ/day 
R Total revenue $/yr 
r Long term interest rate % 
RC Total value of cattle sales $/yr 
RI Indirect benefits $/yr 
RN Revenue processed from feedlot waste, e.g. for nitrogen $/yr 
Rn Revenue each year $/yr 
RO Other revenue directly related to the feedlot $/yr 
RW Revenue from annual waste management $/yr 
S Total salt added to diet g/hd/day 
s Dietary salt added Na% 
T Daily maximum temperature oC 
t Life of the project yr 
TA  Total assets  $ 
Ta Average daily maximum temperature for the year oC 
Tb Time in between lots days 
Tc Time cattle are in each lot days 
tm Number of days in a specific month days 
ty Days per year that cattle are in the feedlot days 
UNa Urinary sodium g/hd/day 
UK Urinary potassium g/hd/day 
UO Urinary weight output g/hd/day 
UP Urinary phosphorus output g/hd/day 
VC  Value of cattle held in the feedlot at any one time $ 
VFS Value of feed silos $ 
VOS Value of other assets $ 
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Variable Data Name Units 
VSI Value of feedlot sheds and infrastructure $ 
VWS Value of waste storage $ 
WA  Feedlot monthly water intake for Bos taurus L/mth 
WBB Water balance L/mth 
WD Quantity water available per month for each month of the year L/mth 
Wd Amount of water required for dust control on a daily basis mm 
Wday  Live weight gain per day kg/hd/day 
wBI No. weeks that Bos indicus cattle stay in the feedlot weeks 
WBT  Water required for dust control in any one month: Bos taurus L/mth 
wBT No. weeks that Bos taurus cattle stay in the feedlot weeks 
WBI Water needed in any one month for dust control: Bos indicus L/mth 
Wl Average days each month where the rainfall is less than 3mm days 
Wm Average monthly rainfall data mm 
Wp  Live weight of cattle at purchase  kg/hd  
WR Total water requirements each month L/mth 
Ws Live weight of cattle at sale kg/hd 
xBI No. Bos indicus exiting the feedlot at the end of each lot hd 
xBT No. Bos taurus exiting the feedlot at the end of each lot hd 
ϖ Average annual wage $/yr 
XE For every $1 earned, amount spent locally: wage earner $ 
XW For every $1 spent on wages amount spent locally: business $ 
Yr Yield rumen microbial protein synthesis gl 
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Attachment 2: Recommendations for dairy cows (AFRC 
1993) 
Abbreviation Units Description Formulae Page  
GE: MJ/day Gross energy in the feeds *DMI 18.8MJ/kgDM p. 02 
ME: MJ/day Metabolisable energy of feeds *DMI [ME]* DMI - 
Qm: decimal The metabolisability of [GE] at maintenance [ME]/[GE] p. 02 
F: MJ/day Fasting metabolism  p. 23 
C1: decimal 1.15 for bulls and 1.0 for other cattle 1.0 for all cattle, 1.5 bulls p. 23 
A: MJ/day Activity allowance 0.0095W p. 24 
Em: MJ/day Net energy for maintenance F+A p. 23-24 
Km: decimal Efficiency of utilising ME for maintenance 0.35qm+0.503 p. 03 
Kc: decimal Efficiency of utilising ME for growth of 
concepta 
0.133 p. 04 
Mg (gain)/kg: MJ/kg ME needed/kg of LW gain 19/Kg p. 31 
 L: decimal Level of feeding as a multiple of ME for 
maintenance, Mmp/Mm 
Mmp(unadjusted)/MEm p. 54 
Maintenance (Mm): MJ/day ME requirement for maintenance (F+A)/Km p. 23 
Mmp (unadjusted): MJ/day ME for maint & prod.- no correction for feed 
level 
Mm+Ml+Mc+Mg p. 09 
CL: decimal Feed level correction 1+0.018(L-1) p. 04 
Total ME required: MJ/day ME requirement for maintenance and 
production 
Mmp=CL*(Mm+Ml+Mg+Mc) p. 09 
ME supplied by the 
diet: 
MJ/day ME available from the diet DMI * ME pasture - 
ME supply - ME 
required: 
MJ/day If +ive = excess ME in diet, if -ive = diet is 
energy deficient 
ME from diet - Total ME 
required 
- 
NPb: g/day Net protein equivalent of basal endogenous 
N 
6.25 * 0.35*W0.75 - 
NPd: g/day Net protein for scurf and hair growth 6.25*0.018*W0.75 - 
NPm: g/day Net protein requirements for maintenance NPb + NPd p. 33 
Knm: decimal Efficiency of MP utilisation for maintenance 1 p. 33 
MPb: g/day MP requirement for basal maintenance 2.1875W0.75 or NPb/Knm p. 34 
MPd: g/day MP requirement for scurf and hair growth 0.1125W0.75 or NPd/Knm p. 19 
MPm: g/day MP requirement for maintenance MPb+MPd  or 2.30W0.75 p. 35 
Total MP required: g/day Total MP required for maintenance and 
production 
MPR = 
MPm+MPl+MPg+MPc 
p. 35 
CPI: g CP/day Crude protein intake DMI*CP in pasture p. 34 
RDP: g/day Rumen degradable protein or QDP + SDP CP intake * p p. 33 
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Abbreviation Units Description Formulae Page  
ERDP: g/day Effective rumen degradable protein CP intake * ERDP - 
UDP: g/day Undegradable protein CPI-p (in g/day) - 
DUP: g/day Digestible undegraded protein (0.9*[UDP-
(ADIN)*6.25)])*DMI 
- 
y: gMCP/MJ 
FME 
Rumen microbial protein yield 7.0+6.0(1-exp-0.35L) p. 13 
FME: MJ/day Fermentable metabolisable energy per day FME per kgDM * DMI p. 14 
MCPenergy = 
y*FME: 
g 
MCP/day 
MCP per day (limited by energy in diet) FME * y p. 14 
ERDP/FME: g /MJ of 
FME 
If > y than FME is limiting, if <y than ERDP 
limiting 
ERDP/FME p. 16 
ERDP/FME is >/< 
than y: 
 Energy supply is limiting microbial activity 
so MCP=MCPenergy 
See explanation - 
MCP: g/day (If ERDP>y*FME)=(MCP=y*FME),(if 
ERDP<y*FME)=(MCP=ERDP) 
See explanation p. 17 
DMTP: g/day Digestible microbial true protein 0.75*0.85*MCP p. 17 
Total MP supplied: g/day Metabolisable protein (protein supply to the 
animal from MCP+UDP) 
0.6375 MCP + DUP p. 17 
MP supply - MP 
required: 
g/day If +ive = excess CP in diet, if -ive = diet is 
protein deficient 
Total MP supply - total MP 
required 
p. 17 
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